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HOW A SPEAKING-TUBE CARRIES SOUNDS 


Everyone whb has used a speaking-tube knows how easily a conversation can be carried on between two distant 
^rts of a building. But exactly why a tube should assist conversation in the way it does is not so well known. 
On this page we see by means of picture and description the reason the voice carries farther through a tube 


I N many houses und offices anci insti- 
tutions like hospitals, as well as on 
lx)ard ship, tlie spt>aking-tuW. is a 
familiar object. It consists of a cylin 


than a tube with a diameter of nearly 
an inch. The wire can twist and turn 
at all angles without disadvantage. 

We have alrea<ly seen on page 868 
how the waves set up in the air by a 
sound spread out and beconhi dissi- 
jiated the farther they travel. By 
using a tube to carry the waves we do 
two things. In tse first place we pre- 
v'ent the sound waves from sprisuling 
out and being lost in space ; and in the 
sexond place we emphasise; the sound, 

I localise in the tiilic the waves are re- 
dected from side to side again and again, 
and their strength or eiieigy is thus 
maintained for a very great distancic 
Scientists have lormulated a law 
about the transmission of sound whiidi 
says that the intensity of sound de- 
orefuses inversely as the stpiare 
of the distanci*. We may put 
tins in more simple language, 
thus : if sound has a certain in- 
tensity after travellmg a certain 
distance, then when it has 
travelled twki^ the distance it is 
not half a|i |oud, but a quarter, 
or in ot her s‘ words a sound, to 
travel tii^rfco as far, must bf." 
made four tihies as powerful. 


more rapidly, and this is also the case 
if the inside ol the tube is rough instead 
of b(‘ing smooth. The dissijiation of the 
.sound waves is very mucli like the 
dissipation of light when it strikes a 
rough .surface. 

Biot, howeva;]-, proved that il a tube 
of tlie right kind were laid down 
between two towns fifty milevS apart, 
a conversation could be carried on 
between the lowns which would be 
quite audible at either end. 

'Hie .sjxjed of sound is about i,u8 
feet pm* second, so that the sounds 
would travel the fifty miles in about 
tour minutes. 

1‘aigland w^as the first country to use 
speaking-tubes for practical purposes 
in buildings, and they were certainly 
invaluable befoii' the days when the 
telephone came into general use. 


This shows what b^pens inside the 
speaking-tube. The ^aves of air are 
reflected from si4e to side of the tube, 
and are thus carried with very little 
reduction of energy to the listener 
waiting at the other end of the tube 


Talking into a speaking-tube at one end 
of a building 

drical metal tube which runs from 
room to room, and in the rooms has 
an extension of flexible india-rubber 
tubing with a bone mouthpiece, which 
can also be used as an car tube. In this 
mouthpiece a whistle is generally in- 
aerted, so that the person at the other 
end of the tube when he wants to speak 
can give a signal by blowing through 
the tube and sounding the whistle. 

Tl>e speaking-tube is a very efficient 
instrument, but in these days it is not 
used as much as it once was, because 
it has l)een to a large extent superseded 
by the telephone. Thin wires can be 
carried to any part of a building so 
much more conveniently and easily 


Thib uiw. however, dws uoi 
apply to the case ol sound.s 
c arried in.side tUlK'S, especially if 
they are straight and cylindrical 
in form. The picture-diagram on 
this page makes it clear why this is. 
We can see flow the sound wavt-.s 
are reflected again and again so that 
they carry for a very long distance’ 
through the tube. 

Early in the last century a French 
scientist name<l Jean Biot carried onl 
many experiments in transmitting 
sound through tubtis. He found that 
when he spoke through one of the Pari.s 
water pipes, which was 1,040 yards 
long, his voice lost so little of its inten- 
sity that a conversation could he kept 
up quite easily between the two ends 
of the tube when the talkers spoke in a 
very low tone. 

Where the tube is of large diameter 
the sounds become weakened much 


Listening by means of a speaking-tube 
to words which are being ^kea at the 
other end of a building 


t 
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THE TRUE STORY OF A GHOST’S PRANKS 


rub a ktiife 
a st(.>no. to 


O NK kind of t'iu’r,Liy can tx* traris- 
fonncd into anotfu'r kind. W’u 
know that wliun 
backward and torwani on 
sharpoti It, the bhulu 
hot. 'J'fic to and tro move* 
merit of the Id.ide on tlie 
stoiu' has Ix'en transtonnt'd 
int(j lieat , or, to put it 
more scientifically, (‘nei»^\ 
of movement has V)cun con 
verted into enei/^y of fieat 
riie sairn* thin;.^ happtms 
it we strike a flint af'ain 
and apam with a hammer. 

.\ot only does the hammer 
lieconu* warm, but we hear 
the sound of the blov% .ind 
si'c sparks fly from th(‘ 
flint Mere tlu' ('nerj.^y of 
movement isconverte(i into 
three kinds of ener^^y - 
thosi‘ ol heat, Iij.,dit and 
sound 


Noises in the Dusk 

Some years the 

pt'ople who lived in an old 
mansion in the rountr\ 
used to hear strange noise’> 
on summer evenings. Altei 
the sun had gone down, 
then' used to be a loud 
Matter, as though feet were 
passing bt'tween tin* eiuling 
and th(* roof of a gall<*rv 
l''or many years thernyster) 
remaiiiecl unexplained, and 
tile sounds were attributed 
by superstitious ])eojile to 
a ghost, who was said to 
walk the gallery at dusk 

Itut one day. wlnm the 
roof was being repain'd, it 
was found that betwi'en the 
gallery ceiling and the roof 


there was a long leaden gutter, fixed 
in such a position that when the hot 
Slimmer sun poured on the roof and tlie 
gutter Ix-eanu' warm, it could onlv 



The home of a ghost that caused a good deal of fear 


expand liy rising from its bed. 
Then, in the cck)1 of the evening, 
when the gutter lost its heat, it con- 
tract(‘d and fell back with a clatter. 

ft was the sound thus 
c aused which echoed in the 
gallery and gave the im- 
pression of a ghost walking. 
No doubt hundreds of 
other Crises of supposed 
supernatural occurrences 
could be explained thus. 

At another old house in 
the country, after everyone 
had gone to lied at night, 
the sound of footsteps 
could be distinctly heard 
coming up the staircase. 
Night after night, a watch 
w’as kept, and although the 
sounds could be heard by 
all, not a .sign of anyone 
could be si*eh. 

Laying the Ghost 

It was all very w<*ird and 
disquieting. If ever there 
was a case of a ghost mov 
ing about an old house, 
hen* w^as one. 

Then a man who thoi 
oughly understood old 
buildings gave the true 
explanation, and v i* r y 
simple it was. The timber 
work of the .stairccise, being 
very old, wa.s pn>s.sed down 
w*hen p<‘ople travelled uj) 
and down during the day- 
time, ])ut at night, wIumi 
all was quiet, it gradually 
sprang back to its old 
position, and this, as it 
occurred on stiiir after 
stair, gave the impres.sion 
ol footsteps 


HOW TO MAKE & USE A SIMPLE BULL-ROARER 


W E liavt; alo'cidy sn u uii p^gv i<>o j how 
to make a that nigcni- 

ous form of ini.ssilc which is used 
by the Australian aborigines, and w'hidi 
vvlien sent spinning returns to the place 
whore its thrower stands 

More is another clever device oi the 
\ijstralian natives, or " lilacks," as they 
arc calk'd It ls known 
as a bull-roanT and i^ 

<piiic o;isy to make 

We get a piete of wooi) 
an inch or two wnle and 
several incht*s long Then 
at one end we bore a liole 
suflicient to take a piece ot 
strong but thin string or 
cord. Linen taix? is very 
suitable. We thiead the 
string or taf>e through the 
hole iind fasten it sei'urely 
Then holding the other end 
of the string in our hand 
and giving it, perhaps, a 
twist round our finger or 
hand for security, we w'hirJ 
the piece of wood round 
and round as rapidly as 
WG can. The string should 
be about tliree feet long. 


A.S the bull-roarer is whirled round and 
round it rotates rapidly on the end ot the 
string, twisting the cord till it will twist 
no more Then, still whirling, the string 
untwists, the bull roarer roUiling in the 
opposite direction on the end of the string. 

As it spins round in its course the 
rotating wood sets up vibrations in the air 


which wi' lieai as a senes of gtoaus m 
bo<jirigs, one at each twist of the string 
In Australia the native men use the 
buU-ro.iri'r to I l ighten their women and 
children, telling thmn that the s<uiiid is Itie 
voice of an angry spirit. 

It is interesting to remember that the 
rustling of the trees which we hear when 
the wind is blowing is due 
to the leaves as they flutter 
rubbing again.st one an- 
other. A leaf on its stem 
cannot whirl round and 
round like a bull-roarer, 
but when the wind blows 
upon the leaf it twists the 
stalk as far as it possibly can 
and then turns the othet 
wTw, untwisting the stalk. 

The leaves of the poplar 
trees ru.stle more than tfiose 
of other trees, and this, 
according to Sir William 
Bragg, the distinguished 
scientist, is because the 
stem of the poplar leaf is in 
section more like a piece of 
tape than a round piece of 
string, and so it twists mora 
easily under the wind. 



How a home-made bull-roarer is whirled round and round on a string 
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WHY THE PORRIDGE IN THE SAUCEPAN BOILS OVER 



When porridge is made in a saucepan it must be stirred continiitmsly as the meal is dropped in or it will boil up and over the edge 
of the saucepan. Why does the stirring stop this boiling ovof ? Well, the pictures on this page explain the matter. As more 
meal is put in, the porridge becomes more and more viscous or glfuey the steam that is formed in the lower part finds it difficult 
to escape. By stirring the porridge constantly we make ojMiliings from the bottom upwards and so the steam can get out 



If the porridge is not stirred it boils up and pours over the side of the saucepan, as shown in this picture. The reason for this is 
that owing to the viscous nature of the thick porridge the bubbles of steam forming in the lower part cannot escape through the 
porridge into the air. They therefore go on expanding in the porridge till at last they become so big and the power of the steam 
so great that they lift up the porridge, and this happening in many places we see the surface rise and flow over the edge 
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^ like an INSECT’S COMPOUND EYE 
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HOW A JET AEROPLANE LOOPS THE LOOP 
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These photographs of a jet-propelled Hawker Hunter looping 
the loop were taken from another jet aircraft, a Meteor, which 
iooMd the loop with it. * In the first picture, the Hawker Hunter 
IS clinibine straight upwards to a height of I2,ooo feet at a speed 
of 460 miles an hour. Having turned upside down at the top 
of the loop, the aeroplane curves down (2) to complete a great 
circle, and in the third photograph dives nose first towards the 
earth. In the fourth photograph the Hawker Hunter has begun 
to level out to fly in a straight line. Built for the Royal Air 
Force as an intercepter fighter, the Hawker Hunter went into 
squadron service in 1952. It has swept-back wings and has 
travelled faster than the speed of sound, about 760 miles an hour 




■M- 





HOW THE REVOLVING STAGE AT A BIG 



The theatre^ in order to compete successfully with the cinema, has had to make itself very up to date and in recent years it has been 
adopting all kinds of mechanical devices to help the presentation of the show. At one or two big theatres a revolving stage has been 
introduced in order that there may be no delay between the scenes. While one scene is escposed to the audience the neirt scene is being 
got ready on another part of the stage, and in a few moments the stage can be turned round so that the new scene is before the audience 
while the previous one has passed out of view. The stage takes so little time to revolve that if the whole theatre is put into momentary 
darkness the scene can be changed before the lights are switched on again. It is a marvellous device, and in this picture the artist 
shows how the revolving sUge at a large London theatre is worked. He has cut away the front part of the sUge, which 
is fixed, in order to show the method of revolving. The stage, which is built on a framework, has a number of wheels which run 
on a circular steel rail resting on rubber. Under the stage manager’s direction a mechanic pulls a switch connected with a 


THEATRE CAN BE MOVED BY ONE MAN 



motor, so setting the machinery in motion. By means of a worm-wheel connected with a toothed wheel, bevelled gears arc set 
revolving and a wire rope which moves in a groove beneath the stage is pulled round, revolving the stage with it. When the new 
scene has come round side pieces are connected up with it in an instant, and the actors are quickly in their places ready to carry on 
the play. A full stage of scenery is, by this device, replaced by an entirely different set within thirty seconds. In the picture is 
shown, on the left, a bedroom scene being turned away while an outdoor scene is being brought into view. Far more scenes can be 
presented thus, in a given time, than were ever possible before. How the actors of old times, and the theatre-goers too, would be 
surprised if they cotUd return and see the clever and ingenious mechanical devices that are now used in connection with the stage to 
expedite the changes and assist the illusion ! In Shakespeare's time period costumes were seldom worn, scenery was rare and the place 
where the story was supposed to be laid was often indicated by placards, while the stage lighting was provided by rows of candles. 
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VEHICLE THAT CARRIES AND LAYS ITS OWN 



I'he parts of the cater* 
pillar tractor shown 
bt'Tcd OH the left are : 
I, steering dutch control 
and shaft; 2, irans* 
w i s si on gear box ; 3, 
sliding collar of flywheel 
dutch ; 4f flywheel clutch 
driving plate. A coicr* 
pillar tractor is steered 
to the right by stopping 
(he righPhand track and 
accelerating the left-hand 
track ; to steer to the left, 
(he left-hand track is 
stopped and the right- 
hand track accelerated. 


llcloio is a photograph of the right haiul 
side of a caterpillar tractor shomng : 
5, rear lamp ; 6, throttle control lever ; 
7, gear shift Im'er ; 8 , flywheel chtich- 


ionirol lever; 9 , lefl steering iluUdi 
control; 10, right steering clutch con- 
trol; II, steering-clutch brake pedal; 
12, diesel engine oil filter; 13, diesel 


rudiHc' breuiher ; 14, diesel engine 

exhaust; 1$, starting engine exhaust; 
16, diesel engine fuel filter ; 17, radiator 
for cooling sydeni ; 18, front lamp 



The components numbered on the lower 
part of the right-hand side of the cater- 
pillar tf actor are: iq, right-side front 
idler ; 20, right side track rollers; 21, 
right-side track-carrier rollers'. The 


diesel engme drwes on to the reat 
axle which carries a sprocket (co/^ged) 
wheel on each end. The jointed 
caterpillar -track has on its under 
surface ridges x&hich fit over the sprocket 


wheels, and as these turn they pull the 
track over the front idlers and so move 
the tractor forward. The track is 
supported between sprockets and idlers 
by the two sets of rollers (20 and 21). 


Th« principle of the caterpillar track for moving a vehicle across soft or rugged ground is such a simple idea that it is surprising no one thought of 
it earlier th^ 1907. But for centuries men and horses had struggled to pull wheeled carts across rough ground, and often only succeeded in 
bogging their vehicles down. The caterpillar vehicle is, in effect, a vehicle that carries its own road and lays it down as it moves forwards or hack* 
wards. It could quite easily have been used for horse*drawn carts. Cateipillar tracks consist of two bands or belts made up of jointed steel plates 
and passed round two pairs of wheels placed soma distance apart. The rear pair of wheels are driven hf an engine and as tkey revolve pull the 
endl^ tracks round with them In this way, the vehicle travels on the inner surfaces of the tracks which arc conrtantiy rolling round the wheels 
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ROAD 

OVER 

THE 

MOST RUGGED OF GROUND 



■ 

Here vom see what the caterpillar tractor looks like from the left hand side. 
I'he ^rts shoum and numbered above the track are : 22, petrol tank ; 
2 diesel engine pre*cleaner : 24 ^ diesel engine air cleaner : 2 star ting- 
engine air chatter ; 26, starting-engine clutch and pinion levers ; 27, fire 
I extinguisher ; 28, tool box. 7 'he tractor does not start on Us main diesel 

I sR A small auxiliary engine is prst .switched on, and this tn turn 

llliHi starts the main pmver unit. 








36 
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The parts numhcrcd behnv the track are : 
20» hit-i^idc track rollers; 30, left-^ide 
track’carncr rollers; ^r, left Hde front 


idler ; 32, /rOH^ support hearing ; 

33 , plu^ closing tfhe drain pipe for 
the coolinfi sy^tkn$: 34, dynartto for 


supplvinft current to the electric starter : 
35, switch for iurnim; on or off front and 
rear lii^hts ; 36 diesel enfiine oil cup. 



1 he plwtoftraph above of the rear oj the caterpillar tractor shows : 37, the under* 
bearings of the frame on which are mounted the track rollers ; 38 , poinH through 
which oil is pumped to lubricate the sprockets drimng the caterpillar track. On 
the rear is mounted the totoing bar and shackle to which is hitched the vehicle 
nr implement towrd by the tractor. 


as they turn and so providing: them with a path to run on. The caterpiliar tractors were first used lor hauling agricultural machinery, but in 1915 
were developed for military use on the armoured fighting vehicles called tanks. Some six-wheeled road vehicles are Atted with removable tracks. 
On a good road the tracks are removed and the vehicle travels on its wheels in the ordinary way. but on heavy ground the tracks are mounted over 
the two pairs of rear wheels. During the 1939*45 War, exceptionally .strong tracks and powerful engines to drive them were developed for use on 
tanks and self-propelled guns. The experience thus gained was adapted to civilian use and haulage tractors are now in service with engines of over 
100 horse-power. A caterpillar tractor of this type is illustrated on this and theprevious pages. It can pull a load of many tons across the roughest ground. 
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THE WONDER OE LONDON’S TUBE RAILWAYS: 



In this picture, which runs across the two pages, we see why, on the London tube railways, the trains can follow one another so closely in safety. 
The track is divided into sections, and when a train is on the section ahead of another train its back wheels and axle, with the rails and some wires, 
as shown in the top right-hand, complete a circuit, setting a signal at danger. The completed circuit causes a core of iron at the signal to become 
magnetised, and this pulls up to it an iron valve, which opens up an inlet, allowing compressed air to go into a cylinder. The compre$.sed air forces 
back a piston, the outside rod of which is attached to an arm holding a frame with red and green glasses in front of a lantern. The piston rod. 
on being forced out of the cylinder, lets down the frame, bringing the red glass in front of the light. All this ts shown, an enlarged drawing being 
given of the core, valve and p^. At the same time the completed circuit made by the train in front has operated a similar magnetic valve still 
nearer the succeeding train. This lets compressed air from the main pipe at the side of the railway into a cylinder, pushing back a piston. The 
piston pulls back a tong rod, causing a fouling bar to rise. Should the next driver not notice the danger signal, this fouling bar will strike a 
projection on his train, called a trip cock, and turn it horizontally. At once a tap is opened, letting compressed air escape from the train pipe into the 
brake pipe (not shown) and at once operates brakes and stops the train. The escaping of air from the brake pipe lowers the pressure and lets fall a 





WHY THE TRAINS CAN FOLLOW SO CLOSELY 



Ditton which was holdine up a bridee across which wires run from contactors. The bridge drops, the wires are disconnected, and the current is cut 
SaTom toe ^Stactota Their corls cease to be magnetised, and bridg^ which they are holding up then fall causing a gap in the main cir^.t, 
the motors of the train stop working. Ordinarily the driver does this by working the control handle, which operates “ fingers that break or 
comolete the circuit gradually. When the train ahead has moved off, the circuit mfde by the axle, wheeU and wire® is broken, and the iron core 
of the signal magnet becomes demagnetised and its valve drops, closing the inlet from the compressed air pipe. Air also is let out of the cylinder. 
The oiston returns Dulling the chain and raising the frame, so that the green glass is now m front of the light. At the same time the breaking 
of the second vaWe, exhausts the air from the cylinder holding the fouling bar and lowers that bar. In the bottom 

left-hand of the opposite page we see the machinery which is operated by the guard for opening and closing the coach doors. On the right of the page 
we see it as it is with the^oors closed. To open the doors the guard raises a lever, which lets compressed air into a cylinder and this forces back a 
^Ston attached to a ratchet which turns a cog wheel and moves an arm to draw back the door. In case of emergency the driver, bjr fixing togetlier 
?wo wirejTthat run the length of the tunnel, can cut off all current from the track. These wires are shown in the picture by the side of the tunnel 












A CRAB WHICH HAS ENORMOUS STRENGTH 



The edible crab, a common species round the British coasts, is a creature which, for its size, has enormous strength. It will feign 
death and then when it has put its enemy off his guard, will seize with its powerful claws any part of him that is near and hold 
on with the tenacity of a bull-dog. The only thing to do in such a case is to wrench the claw right off the crab and then open it. 
The crab will hold on till it is killed and its grip is like iron. Further, if a person happens to stoop down and get his hand between 
the crab’s shell and a rock immediately overliead — a position such as is shown in the photograph - the crab will raise itself on its 
legs pressing the hand between the shell and the rock. The fishermen say that if the crustacean is a big one it can exert such strength 
as to hold even a strong man a prisoner and he can only release his hand when someone dislodges the crab with a rod or hook- 
Edible crabs are cannibals and when a well-known naturalist placed a number in an aquarium, the larger ate up the smaller till 
at last only one, the largest and strongest, was left in the tank. The method of attack was for a crab to seize one weaker than 
itself and crush its shell with the claws and then devour the victim. Before long the victor would be seized, crushed and eaten 
by another crab stronger than itself. So the battle went on till only one remained. Fishermen catch the crabs by leaving in the 
water creels or round baskets containing fresh bait. The crabs enter and cannot get out again. This photograph is by Hug Block, Paris 


BRITISH LIZARDS THAT APPEAR LIFELESS IN WINTER 


O vii British liz 
ards, like the 
grass snake 
.uid aclder, 
through the winter 
Wlien the Gold 
weather conics thev 
let no to holes in 
trees, to the under- 
part of stones, or to 
lieaps ol dead leaves, 
.in<l therewith others 
4*t their species pass 
the winter in a state 
of almost lifeless rest 
Ihe functions of life 
are so nearly sus- 
pended that none ol 
the outward signs ot 
its ovist en<‘e is vis- 
ible. The CUT Illation 
nl the bliM^d heeomea 
very slow indeed, 
breathing apparently 
stops altogether and 
digestion certainly 
cca.ses to work during 
the period the lizard 
is sleeping. 



A common lizard apparently lifeless as it indulges in its winter rest. Man/^people seem 
to be afraid of lizards, thinking they will do some harm, but they are perfectly harmless 
and are additional attractions to the fernery where they keep the insects down 

no« 


Blit as soon as the 
warm .spring Sun 
begins to .shine, the 
( irculation i.s re- 
stored, breathing 
again becomes regu- 
lar and tlie blood 
move.s in the body. 
J’^igestion starts and 
the little reptile 
becomes active. 

Three ii;«ards are 
found in England, the 
common lizard with 
a brown or olive back 
with black bands on 
each side, the sand 
lizard, the male of 
which is often green 
while the female is 
brown, and the slow- 
worm or blintl worm, 
which has no visible 
legs and looks like 
a snake Al! the 
lizards throw off 
their skins from time 
to time, exactly as 
the snakes do. 


THE LIFE-STORY OF A COMMON BRITISH FERN 



9 . Young fern sprouting 
from prothaUtum 


Here ie the life-story oi a common British fem, the Male fern, so-called not because of its sea but because of its robust groorth. The 
lint Bicture shows its form. The underside of each frond is dotted with spore cases called sporangia which m one year will scatter 
ever a million spores. The spore eases hare a wax-like corering, and in due course the wall bursts and ^harges the spores, 

sriiich fall to the ground. Moisture causes a spore to swell and burst, when it sends down a rootlet that forms a flat green growth called 
a pfothalUum. Cte the underside are egg-ceUs and also male organs. Mral bodies called ^ from the i^e weans find their way 
to the egg-ceUs, fertilising them and causing a union of cells ftom which a fem results. This grows and the life-story is repeated 


tio9 




LIFE ON THE EARTH 3,000,000 YEARS AGO 



By the time the Eocene Age dawned great changes had come to the life of the world. Many of the old forms of reptiles had passed 
away for ever» and the mammals had become the dominant type. The remote ancestor of the horse, known as hyracotherium, a little 
animal the size of a fox terrier (bottom right of picture) made its appearance, and also a curious animal (bottom left) known as 
phenacodus, which had a tail like a tiger’s and combined some of the characteristics of the deer pig, tapir, horse and ape. In 
the picture, above the phenacodus, we see the horned amblypod, an animal of the rhinoceros type. Above this on the left ^e see the 
arsinoitherium also something like a rhinoceros. There were two forerunners of the elephant, one the moeritherium (top left of 
picture) about three feet high, and the palasomastodon, an animal twice that size, with small tusks and a short trunk. Pigs bigger 
than wild boars were beginning to appear. One seen on the right of the picture is called the elotherium, Croc^iles, alligators, 
lizards and snakes were living, and a large variety of sea life, including sharks much like those that live to-day. In vegetation there 
were trees like our present-day trees, such as oaks, chestnuts, yews, walnuts, limes, alders, willows, Ars, pines and cypresses 
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A FIGHT BETWEEN A SHARK AND AN OCTOPUS 



The photographs on this page, showing a great fight between an octOjlus and a tiger shark, were taken from a glass chamber let down 
with the photographer and camera into the sea at Samarang, in Ja7% ;They are part of a film, and here the shark is seizing the octopus 



The fight was a fierce one and in the end the shark killed the octopus. These creatures are both bitter enemies of man, but they are 
mortal foes of one another and fight whenever they meet. It is very difficult to say which would be the more terrible to encounter 




AT T. SORTS AND FORMS OF ICEBERGS 



Icebergs, those masses of floating ice which have broken off from glaciers an4 ice-caps in the Arctic and Antarctic, are of all slM 
and forms. Here we sec, in a remarkable set of photographs taken during the relief party’s journey to the Wegener Arctic topedition, 
some of the different formations of icebergs off the coast of Greenland. They become weathered like other rocks and when we 
remember that only one-ninth of the iceberg appears above the surface of the water, we can Judge of the colcysal slie of some of 
these floating maswss. Icebergs have been seen with aoo feet above water so that thev must have had i,6oo feet below, their 
estimated weight has been hundreds of millions of tons. No wonder they are a menace to shipping when they reach the steamshtp loutec 
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THE DUST IN THE ATMOSPHERE 

Dust seems light enough when we sec it blowing about in the street on a windy day, but even the finest 
dust hits weight and when a storm is blowing in a dusty region like a desert the weight of dust moved is 
almost incredible. Sometimes, as we read here, it amounts to millions of tons and may be blown for thousands 
of miles from its starting place. Some dust is to be found practically everywhere in the world 


W E can understand that millions of 
]>articles of tins! should be in 
the air of great cities and 
manufacturing districts, for this dust 
is thrown out by chimneys in such 
ipiantities as to shut out a good deal 
of the Sun's light and heat which 
should reach us. Of this wc read in 
another part of this book. 

Jt is around the parti(des of dust in 
the air that moisture condenses, pro- 
ducing fogs. Here, again, wc can 
undiTstand why thcrii should be fogs 
in and about our towns and cities. 
But why should there be fogs and 
mists in country places, and even on 
w'ide plains wdicre there are no houses 
or hnjs 

Well, there is dust in the air every- 
where. The only place where wc can 
obtfun air free of dust is in a laboratory. 
'I'he dust, in llu*. atmosphere c.omes from 
all sorts of places. It is blown about 


and carried up high by the winds. 
Much of it comes from volcanoes, 
while some is the result ol the weather- 
ing of the rocks ; and, ot course, 
much of the city and low'ii dust gtits 
into the atmosphci - and is earned 
into the country. Then, higher up 
is a Vfist deal of dust which results from 
the burning up of the millions of 
meteors wdiich enter the ICarth’s ntmo- 
spherc every day. 

Distributing the Dust 

In all these dilterent ways dust is 
thrown into the air, and the winds 
carry it. so that it is well distributed 
all over the Barth’s surface. Of 
course, much ot it falls to the ground, 
and the heaviest particles fall laster 
than the very line ones. 

The dust in the atmosphere, if it 
could be collected ahd wxughed, would 
undoubtedly turn thc.scaU* at nnllions 


of millifins of tons. Tn one great area 
in ('hina tluTe is a loose, liiK' yellow 
(*arth knowai as loess, which in some 
])lae('s IS Ihousand.s of feet deej). 
It IS su]>poscd to have been blowm 
to its present situation from the 
des('rts of Central Asia. SmallcT 
d(‘p()sits of a similar kind 'arc found 
in other parts of the wwld. 

riie amount of dust that can f>c 
earned, and the distance to which it 
ran l)e blowm by a really fierce storm, is 
astonishing. A storm that occurred in 
Northern Atraa at the b(‘gnining of 
the prc'sent century is said to have 
blown not less than 1.800,000 tons of 
dust to luirope and .spread it all over 
the contin{‘nl, some of it reaching a 
locality as tar a,s 2.500 miles from 
its sta.rting-plac(‘. During this sam«; 
storm 130 million tons of dust are 
estimated to have btvn deposited on 
the Afni an ( oast. 
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There are four principal sources from which dust gets into the air. It is poured out from active volcanoes, it results from the burn- 
ing up of meteors as they rush through our atmosphere, it is thrown into the air in enormous quantities from chimneys, both from 
those of factories and from those of dwelling houses, and it results from the weathering by heat and rain and wind of the crust 
of the Earth. These pictures show the four sources of atmospheric dust. When we remember that, according to men of science, 
hundreds of millions of meteors reach the Earth’s atmosphere every day we can understand that this is a considerable source of dust 


soo; 
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THE SEVEN WONDERS OF THE ANCIENT WORLD 



You iwn often ttaA, or heard people speak, of the Seven Wonders of the World. This drawing shows you what they probably Vwl ttil 
fake. Of courjfe, they ii»y have appeared rather different from our artist’s idea, because all except the Pyramid* Eaypt fa) have 
^ destroyed. s» other* were : i, ^ Pharos or lighthouse at Alexandria ; 3, The Mausoleum or tomb of MauUu* at 

Hattcarnaasus ; 4, The great Mated statue of Zeus or Jupiter at Olympia ; 5, The Teazle of Diana at Bphesua ; d, The Colossus or 
great statue of the Sun God at Rhodes ; f, The Hanging Gardens of Babylon. 
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HOW THE FLINTS GOT INTO THE CHALK 



Millions ot years ago the sea had countless numbers of tiny creatures living in it known as foraminifera These were jelly-like animals 
that made shells for themselves out of the chalk in the water. As they died they fell to the bed of the sea^ where various kinds of 
sponges were growing, as shown here. These sponges had hard parts or skeletons made of silica 



In course ot time these sponges died, and were buried under the efcr-increasing depth of tiny foraminifera shells constantly railing 
on the sea-bed. Then as the chalky deposit increased another lasifi^ of sponges would grow on the sea- bed and this process mighr be 
repeated several times. Uking, of course, an enormous number of y»|fs in completion. After being buried the soft parts of the sponges 

would decay, only the harH siliceous parts remaining 



The result of these processes is that we now find horizontal layers of fUiit nodules where the sponges grew in the sea-bed and vertical 
oollecttofis of flints or isolated nodules where the dissolved silica ran down the cracks in the chalk. Often inside flints we can see traces 
Of the skeletons of sponges. Flint is only another form of rock crystal, and is itself made up of very small crystals. Where the outside 
a flint is white this is due to the same cause as the whiteness of mow. the reflection 1^ the crystals of the light that falls on them 
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THE MOUNTAINS AND PLAINS OF THE MOON 



In this fine photograph of part of the moon’s surface, taken with the great loo-^inch telescope at Mount Wilson Observatory in America, 
we see the Northern part of our satellite. A photograph taken by means of an astronomical telescope always shows things upside 
down, so the bottom in this picture is really the top or north as we see it when looking up at the moon with the naked eye. Various 
features are marked on the photograph including the mountain ranges known as the Alps and Apennines and the great plains called 
seas, the Mare Serenitatis or Sea of Serenity, and Mare Imbrium or Sea of Rains. A number of very big craters are also named 
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THE MARVEL OF THE MOVING HEAVENS 

It was a long time belore men came to realise that the movements of the stars which they could see as they 
watched the heavens night after night weie due, not to these distant bodies travelling round with the Earth 
as a centre* but to the Earth itself rotating on its axis and revolving round the Sun. Here we read many 

interesting things about the moving heavens 


I T is to be feared that not many 
people nowadays, in civilised 
countriCvS at any rate, look up 
at the sky at night. In towns this is 
partly due to the fact that very little 
of the sky is to be .seen owing to the 
high buildings on both sides of the 
streets. Yet a great deal of fascinating 
interest can be obtained by examining 
the night sky and watching the stars. 

In the old days most people used to 
examine the heavens. No doubt this 
was largely ciwiiig to the fact that so 
many of them were shepherds, and 
as they watched their Hocks by night 
like the Shepherds of the Gospel story, 
th(*y looked up because the points of 
light above them were the only things 
oi interest to he seen. 

Watching the Stars 

By watching the stars night alter 
night in this way ordinary men with 
no knowledge of scienc(‘ learnt a great 
deal about the movements ol the stars, 
and we may do the same if we will only 
take the tiouble to watch the sky at 
night, fairly regulatly for a year or 
more. We shall soon discover that 
theie IS a jirocessioii ol the .stars 
apparently in a westward direction, 
it is all ver\^ wr'll to rc'ad about 


things in books, but it is much more 
interesting to di.scover things for our- 
selves, and we may all become amateur 
astronomers and gain a great deal ol 
knowledge by an intelligent watching 
of the sky. 

The Night Sky Moves Round 

On some clear night when darkness 
has fallen lei us face south and notice 
what sttirs are to be .seen due south 
and well up in the sky. A week or 
ten days later on another clear night 
let us examine the sky in exactly the 
same direction. \Vc shall notice that 
the stars which were immediately south 
are now some distance to the west. 

'rhose stars and all the others near 
them .seem to have moved in a west- 
ward direction towards where tlie Sun 
set some hours earlier, or w(‘ might 
perhaps think that the Sun had moved 
tuistward towards these stars. 

Ot course, when, the Sun is shining 
brightly in the' heavens in the day- 
time we cannot the stars, but if 
we could we shp^d notice that the 
Sun approached passed by certain 

stars near his path|dav by day hhis 
path of the Sufi 4 ^inong the stars is 
called the ecliptic, jfnd we read about 
tlie (‘dipt 1C on 755. 


The apparent movement ol tlie stars 
and of the Sun past the stars is really 
due to the Earlli's movements. As 
we know, the Karlli lias two main 
movements, It turirs round on its 
axis once in every 24 liours, and as it 
does .so the heavens seem to go round 
in the sky and come back more or less 
to the same place the next night. 
Hut in addition to this apparent move- 
ment ol the stars round and round every 
24 hours, there is the other apparent 
movement to the wc.st. 

Now in the old days when men of 
science supposed the Sun was a com- 
paratively small ball of fire not so very 
many miles away, and that the stars 
were merely points of light in a great 
hollow ball also only a tew hundreds 
of miles away, it was natural that they 
should think that thr Sun and the 
stars were all circling round the Earth. 

An Impossible Idea 

III tho.se days man thought the Earth 
wa.s the most important ol all the 
heavenly bodie.s, because he lived upon 
it. When, however, it was realised 
lliat tlie Sun w.is tens of lliousands of 
miles away and that the stars were 
glowing giants millions ot miles away, 
it was understood to be irnpo.ssible 



U we stand a lamp on a table in the centre of a room as shown in the first picture and then walk round it facing the lamp all the time, 
we shall see that the lamp appears to move round and pass the objects on and against the walls. Now if we stand in the centre of 
the room and get a grown-up friend to walk round us carrying the lamp, and as it goes keep facing it, we shall get the same eHect, 
the lamp passing the objects against the walls. These experiments show the difficulty men had in discovering whether the heavens 
moved round the Earth or whether the apparent movements of the stars were due to the Earth’s movements 




W^ONDERS OF THE SKY 


that these could all bo rushiii/i^ round 
the Earth in 24 hours. The speed 
at which they would hav'e to travel 
would have to br so onornious — in some 
c<xses millions of miles a second — that 
they could not possibly move at such 
a rale and still retain their form. Jt 
was much more reasonable to suppose 
that it was the Earth that moved and 
that the apparent motion ol the Sun 
and stars was due to the Earth’s 
movement. 

Wlu'n we are travellim; in a railway 
train at sixty miles an hour and look 
out of the window we see the various 
objects in the country apparently 
rushing past us in the opposite 
direction, and those that are near 
seem to be travelling very rapidly, 
while those farther away appear to 
move more slowly. As wc sit still in 
the train the illusion that w'e are 
stationary and these things are rushing 
past is periect. 


it is impossible from the mere appear- 
ance of the Sun and stars to know 
whether they are moving round us 
or we round them. It is by other 
methods, as we read on page 928, that 
we know that the Earth is moving 
rountl the Sun in an orbit, and that as it 
travels not only the Sun, but the 
distant stars as well, seem to go round. 

How the Stars Move Westward 

If we notice the position of any 
particular star or group of stars at 
the same hour, say nine or ten o'clock, 
once every week or ten days, we sliall 
find that the stars get farther and 
larlher west at each observation. Some 
of them indeed disappear altogether 
below the horizon for a considerable 
period, but if we continue our ob.serva- 
tions for a year or more, we shall find 
that all the stars will repeat their 
a])parent movements. The star or 


rotation of the Earth on its axis. As 
already explained, the change in tlie 
position of the >stars farther and farther 
westward, till they return once more to 
their old place in the heavens, is due to 
the Earth's revolution round the Sim 
in the course of a year. It is as though 
the whole sky, like a great umbrella, 
turned round over the Earth in 365J 
days. 

Monsieur Camille Flammarion, the 
great French astronomer, gives us 
another illustration to make the matter 
simple. '‘If," he says, " we walk 
round a fountain or a grass plot we see 
all the details of the neighbouring 
region in succession. Suppose we are 
in 1'rafalgar Square, London, walking 
around Nelson's Column. Wlien w^e 
have Whitehall and the Statue of 
Charles tlie First on our right (Nelson's 
Column being on our left), we see in 
front of us tiie entrance to Northum- 
berland Avenue. 


when 

them 

other mov- 

In room 

we place a lamp 

in the centre and A photograph of part of the heavens exposed for two hours, showing how the stars 
walk round it 111 a appear to travel as the heavens circle round, each star forming a line on the plate 


“As we walk 
iiTound the Square 
we find ourselves 
looking down the 
Strand, and a little 
farther on wc pass 
St. Martin's 
Church on our 
right. On c o n- 
tinuing our circuit 
we soon observe on 
the right hand the 
National Gallery 
and on the left 
hand across the 
Square we can just 
see along White- 
hall; while in front 
we look towards 
the College of 
F^hysicians. After 
a lew stm>s more 
we pass Cockspur 
Street on our right 
iind tlien return to 
our original posi- 
tion with Wliitc- 


directioii opjxjsite' 

to that in which the hands of the clock 
move, kee])ing our face towards the 
lamp all the time. As we go round the 
table on which the lamp stands, we 
shall notice that the lamp seems to 
move rouiul and pass the objects that 
are against the wall, the chairs, pic- 
tures. and so on. In this experiment 
the lamp stands tor the Sun, the objects 
against the wall for the stars, and we 
represent the Earth. 

Now once again, instead of walking 
round the lamp let us stand in the 
middle ol the room and get a gn^wn- 
up friend to carry the lamp round us 
in the direction opposite to the hands 
of a clock. As he does so, we keep 
turning our head so as to face the lamp 
and keep our eye upon it, Wc shall 
notice that the e0ect is the same as 
when we walked round the lamp. The 
light seems to move round passing the 
objects against the wall, as it did 
in the previous experiment. 

From tliese experiments wc see that 


constellation that appeared due south 
at a certain point on. say, January ist, 
and travelled farther and farther west 
will on file succeeding January 1st be 
back in its old position in the south. 
'Ihe reason is that the Earth lias 
travelled right round the Sun in its 
orbit and has started on another round. 

Apparent Motion of the Heavens 

A person dancing the old-fashioned 
waltz and moving round and round, 
unles.s he were ii.sed to it. might fancy 
the room with its walls and furniture 
were turning round in the opposite 
direction from that in which lie was 
going. This is another illustration of 
the apparent movements of the stars. 

As the axis ot the Earth, if prolonged 
indefinitoly into Space, would go very 
near the position where the Pole Star is, 
the whole of the heavens, as the Earth 
turns round on its axis, seems to circle 
round the Pole Star. This apparent 
rotation of the heavens is due to the 


hall on the right. 

“ If we make a second tour the same 
aspect of our surroundings will present 
itself to ns in succession. It should be 
observed that in walking in a circular 
or nearly circular direction sucli as the 
above, it would be impossible to see at 
one glance St. Martin's Church, the 
National Gallery, the College of Phy- 
sicians, and the view down Whitehall. 

“ Now, during the yearly circular 
journey of the Earth round the Sun 
the same thing happens to us as regards 
the stars. As our globe advances 
describing a curve, we discover freali 
stars and those we saw before seem to 
glide away from us into the west — ^that 
is, behind us as regards the direction 
of the Earth’s motion. The various 
starry regions file liefore us in succes- 
sion, ana at the end of a year the 
positions of the stars again appear to us 
as tliey did at the beginning." 

Of course, the experiment which 
Monsieur Flammarion suggests can lb« 
carried out in a playground. 
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THE LAST OF THE GREAT NAVIGATORS 

Captain Cook was- one of the greatest of the world’s circumnavigators and not only his own country but 
seamen of all races and nationalities owe him a great debt of gratitude for showing the way to abolish scurvy, 
that terrible scourge of the mariner in the old days. In these pages is told the story of C^k’s three famous 
voyages to the South Seas and of his discoveries there 


A ykak or two before the Gix^at 
War it was suggested by some 
scientists who had been making 
a particular study of fcx)dstufl[s that 
natural foods contained very minute 
(quantities of unknown substanccjs 
which were essential to lif<3 and health. 

During the War, when much time 
was given to research, the existence of 
several of these mysterious substances 
was discovered, and they were called 
“ vitamins/’ from the Latin word 
‘ ‘ vita, ’ ' meaning “ li fe / ’ But although 
thL»ir existence was known the sub' 
stances tliemfsclves could not be found 
or seen. Much luis been learnt 


crews, Cook, though a strict dis- 
ciplinarian, was always kind and con- 
siderate. At a time when it was 
considered perfectly justifiable for the 
white man to treat natives with no 
consideration at all, in fart as though 
they were less than Human, Cook always 
regarded the rights of the people at 
wlios(^ lands he called, and it is one of 
the great ironies of history that he of 
all men, who was the true friend of the 
native's, should have lieen slain by 
them in the end. 

James Cook the last man 
woukl have expi'ctod to Ix'come a great 


want to be a haberdasher, he wanted 
to be a sailor. 

There is a story of those early days, 
ho\v he stole a shilling from the till 
of his master, packed up his luggage in 
a pocket-handkerchief, and ran away 
to Whitby, where he found a shij) oh 
the point of sailing, and offering his 
servic(.‘s as cabin-boy, was acceqded. It 
is cquite a pretty little fairy-tale, but 
it is not true. 

What really happened was this : 
Cook, vse<nng a new shilling in the till, 
took it out, replacing it by one of his 
own. His master missed the bright 
.shilling and searclK'd his box, 


about them since, as we read on 
pag(?s 711 and 712. 

Now it is a very interesting 
fa(it that about a century and 
a half before modem science 
learnt of the existence of the 
vitamins, a great English- 
man hacl discovered the fact, 
although he himself did not 
know' there won' such sub- 
stanct's. This may seem a 
paradox, but it is neverthele.ss 
true that Captain James Cook, 
the great English explorer an<j 
navigator, discovered by ex- 
periment that fresh green" foods 
liad something about them 
tliat made them vital to a 
healthy life. 

A Soourge of Mariners 

Up to that time a terrible 
disease known as scurvy had 
been the scourge of all mariners. 
Every crew that went to sea 
for any length of time sufiered 
from it, and on an average 
about a third of the men died 
from it, while on very Umg 
voyages half the crew perislie<l. 

It was Captain Cciok who 
showed the real and effective 
w'ay of combating scurvy, and 
the whole world owes him a 
debt of gratitude for his great 
contribution to civilisation. We 
know now that it was the lack 
of vitamins in the food whicli 



where he found it. 'riieii he 
S(mt for a con.stabl(^ and for 
(k>ok’s father, and chargc;d tlu; 
hoy with theft. But young 
Cook declared with spirit his 
entire innocence, and explained 
ilie matter, wht^reupon his 
master expressed his n*gret, 
and although C(X)k’s fatln'r and 
the haberdasher both presst'd 
him to remain, he n-plic'd : " No, 
father, I can't. Once a thief, 
always a thi(d. I must go.” 

Apprenticed to the Sea 

Seeing that the boy was d('- 
lermined to go to sva, hi.s 
employer introduced him to a 
member of a shipping firm, 
and to his great joy Cook w'as 
apprenticed. It was tlu^ first 
step in a career ol hom>ur and 
adventure which has ever since 

E roved an incentive to English 
oys of all Hge.s. 

Cook made his first voyage 
in a coasting vessel, the 
which Ciarried coal, and on this 
young Cx)ok must have learnt 
his earliest lessons in scriman- 
ship. Between the trip.s up and 
down the Efist Coast Cook used 
to stay at liis employer’s houst'. 
Wlien his period of apprentice- 
ship had expired he went Ix'fore 
the mast for three years, still on 
vesstjls sailing out of Whitby. 
Then he btxame a mate. 


caused this terrible disease among 
sailors. By landing wherever he 
could and collecting fresh fniiis and 
vegetables, Captain Cook provided his 
men with the necessary vitamins that 
overcame the scourge and kept his 
men healthy. 

Cook was really a very wonderful 
man. In an age when many captains 
acted with great brutality to their 


circumnavigator and explorer. He was 
the son of an agricultural labouter and, 
with very little education, had his 
earliest training as a worker in a 
haberdasher's shop in Yorkshire. 

He spent only a year or two at the 
village school before he went, at the 
age of twelve, to a shopkeeper at 
Staithes, a fishing village not far from 
Whitby. But young Cook did not 


But Cook had made up his mind to 
enter the Royal Navy. Thousands of 
men were being seized for service by 
the press-gangs, but Cook volunteered, 
and was accepted. Within 37 days he 
had been made master’s mate, and this 

S >sjtion he held for a couple of years. 

e .saw active service, and was then 
given the rank of Master in 1737. 
when he was 29 years old. He had thu.s 
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ROMANCE OF BRITISH HISTORY 


risen to th(‘ rank of master in thi^ very 
short time, for those of two years. 
J-h; was apjiointeci to a ship nanierl the 
Pembrofu'. and sailed with Admiral 
Buseawen's th'ct to Aineriea. 

ft is interesting, to know that his 
ship was one ol those that assisted 
Wolfe during the eainpai^m that ended 
in the takin.c: ot Quebec and the 
(onquest ol Canada. r(^i)k tlid a 
^ood deal ot surveying in tlie River 
St. Lawrence, and in piloting vessels 
and boats ol tlie fleet. It is said 


at ISTile Knd, in the East End ot London. 
The house does not exist to-day. but it 
was in what is now the Mile End Road. 

Cook now went out to Nevvfountlland 
and continued his suivey work, and 
wliile he was there a horn of gunpowder 
which he had in his hand exploded. It 
was some time before C-ook could 
receive jiroper medical attention, but 
he did not let it interfere wdth his 
survey work. He bore a large scar on 
his hand to the clay of his death. 

Then Cook returned to England, and 


a conuiiand of the vessel was appointed 
one ot the two observers of the transit. 
A distinguished botanist, a Fellow of the 
Royal Society, and later known as Sir 
Joseph Banks, went to make observa- 
tions in natural hi.story Banks was a 
rich man, having a private income of 
about ;f0,ooo a year 
On the 7th of Augu.st. 1768, Cook 
joined the ship and .sailed from the 
Thames, and on the t4th the vessel 
called at Plymouth, where Joseph Banks 
and another scientist went on board. 


that lie provided the admiral with 
a chart of the sounding.s in the river 
wlucli proved ot the greatest value. 

Wliile engaged in thi^ opma- 
tions before Quebec Cook had 
a narrow escaj^e from being 
eapture.d by the R(‘d Indians. 

His party, while smveying, was 
.suddenly attacked by a flotilla 
of canoes that had drop|XHl 
silently and unseen down the 
stream. The Knglisluru'n only 
escaped hy making a dash lo'r 
file Isle of Orleans, where the 
guard turned out and drove off 
the enemy It is .said that 
Cook’s escape was so narrow 
that he only jumped ashort' 
from the bow.s of his boat as 
an Indian Iwarded her at the 
stern. It was fortunate for the 
world that the v<Hmg master 
mariner did not lose his life on 
this occasion. 


Cook at Quebec 

There is no doubt that some 
of the success of tlie English at 
Quebec was due to Cook. He 
was promoted to a larger 
ship, the NorthumbeHand, and 
how good his work was is 
proved liy the fact that Lord 
Colville, vvlio had bi‘en ap- 
pointed coiumandcr-in-eliief of 
the North American station, 
entered in his journal tliat he 
had '' directed the storekeeper 
to pay the Master of th(* 
Northumberland fifty pounds 
111 consideration ol his inde- 
fatigable industry 111 making 
himself ma.ster of the pilot- 
age of the St. Lawrence." 


now the great work of his life began 
with the first of liis three long voyages 
to the South Seas 



The natives of Tahiti presented Cook and Banks 
green boughs in token of friendship 


Cook’s secret orders commanded him 
to sail for Otaheite, now called Tahiti, 
an island of the Society Archipelago. 
Then, after making various 
astronomical observations, he 
was to sail soutJi and see if 
he could find the supposed 
I southern continent, wliich was 
alway.s described as Terra 
Australis Incognito, or the Un- 
known Southern Land, which 
everybody believed to exi.st. If 
lie found no land he was to 
explore New Zealand and then 
return to England by any route 
he* thought proper 

The Expedition Starts 

The exjH'dition finally left 
England on August 26111, with 
04 jiersons on board, t8 months’ 
provisions, to carriage guns and 
12 swivel guns, with a large 
(jiumtity of ammunition and 
stores of all kinds. 

At Madeira a fresh supply ot 
water, beef, vegetables and wine 
was taken on board. Cook 
from the very iieginning was 
scrupulous in keeping his boat 
( lean and in Uxiking after the 
diet and health of his men. 
Strangely enough wc find that 
two ot his men, a marine and a 
sailor, were given 12 lashes each 
for refusing to eat their allow- 
ance of fresh meat. Of course 
this seems rough treatment for 
such an offence, but at that 
time the lash was regarded as 
the only method of punishment 
ill the Navy and was used for 
offences both trivial and 
serious. Cook knew how im- 


Whatever Cook did he always did well. 

For several years he was engaged in 
surveying in and about the St. Lawrence 
and the shores of Newfoundland, arid 
in the winters he .spent his spare time 
in educating him.self in all matters 
that would be of service to him in his 
naval career. He read Euclid and 
studied the higher matliematics and 
astronomy. Then when the Norilmm- 
herland returned to England in 1762 
Cook was discharged 

Lord Colville wrote to the Admiralty ; 
" 1 beg to iniorm their Lordships that 
from my experience of Mr Cook’s 
geniu.s and capacity I think him well 
qualified for the work he has per- 
formed and for meater undertakings 
of the same kind.” 

In that year Cook married, and then 
he went to live at Shadwell and finally 


It had been calculated by the 
astronomers that a transit of Venus, 
that is a passage of the planet Venus 
across the Sun’s di.sc, would occur in 
June, 1769, and the Royal Society 
decided that several expeditions should 
be sent to different parts of the world to 
take observations. The British Govern- 
ment was asked to supply a ship to 
carry a party of ob.servers to some of 
the ishinds of the South Sea.s, and it 
agreed. 

It was reckoned that the voyage 
would take about two years, and 
Cook was selected to command the 
expedition. A Whitby-built .ship 
called the Endeavour was chosen, and 
was manned with 85 men, including 
12 marines. 

Cook was given the rank of first 
li(‘utenant, and in addition to being 


portant it was that scurvy should get 
no hold on liis crew, and he hjid come 
to realise that diet was an important 
preventive. 

From the very first Cook did his best 
to get fresh vegetables for his crow, and 
at Madeira he took in a veiy large 
supply of onions. When off Teneriffe 
a shark was caught and cut up into 
steaks for dinner, which the scientists 
reported as very good. The men, how- 
ever, refused to eat this food from 
superstitious motives. 

As an example of Cook's thorough- 
ness it may be mentioned that when a 
list of all on board was drawn up, 
even the dogs and cats were included. 

There was a good deal of fun in cross- 
ing the line, all those who had not 
done so before having to pay homage 
to Father Neptune or to purchase 
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immunity with lour days' allowance oi 
wMiie We do not hear that Lioutenaiit 
Cook was ducked, but most ol the 
others were 

The Endeavour called at Rio do 
Janeiro, where its offu ers and men were 
not treated very well by tlie Portuguese 
authorities The Viceroy cxpressc'd a 
doubt as to whether the vessel were a 
King's ship at all lie seemed cjuitc 
uriable to understand the objec t ol the 
voyage, and accused the crew ol 
smuggling As an illustration ol his 
ignorance Cook tells us that his only 
idea of the tratisit of Venus was “ the 
North Star passing through the South 
Pole." Kventually, howevc‘r, the 
vessel was allowed to obtain stores and 
then sailed south. 

Sighting Tierra del Fuego, it passed 
through the Straits of Le Maire, Banks 
and ajKJthcr scientist named 
Dr. Solarider landing at Staten 
Island and retuniiug with a 
collection of a hundred new 
plants, most of winch were un 
kiiowai in Kurope. 

A party landed on Tierra del 
Fm'go, but unfortunately two 
wore lost and frozen to death. 
Running short ol lood, the rest 
ol the party had to shoot a 
vulture, wiiich wms divided 
ujj, each one cooking his owa) 
portion, amounting to about 
thnjf^ mouthfuls. In the end 
the party, with Ihi* two ex- 
ceptions, got bark to the. ship. 

A Tree in Mid-Ocean 

Kveii thus early m his ex- 
pedition Cook, w'lio seems to 
have had great pow'crs ol m 
tuition, came to the conclusion 
from observing the state of the 
sea and its currents that the 
supposed southern continent 
did not exist. 

Reaving the southern point 
of America, he sailed on into 
the Pacihe, and on .March 24th 
saw^ a tree trunk floating, wdiich 
suggested that the ship was 
not far from land. Cook, however, did 
not deviate from his course, and it is 
now believed that he passed near Pit- 
cairn Island, which afterwards became 
the home of the Bounty Mutineers. 

Finally, on April r2tli, the ship 
n'iiched Tahiti, where the uativ'cs ap- 
peared friendly and supplied large 
cjuantities of fruit and vegetables, 
inelucling bread-fruit, bananas and 
coconuts. 

Cook and Banks, with others, land(‘d 
and received xiresents of fowds. riicy 
were allowed to stroll about, and the 
natives i^njscnted them with green 
boughs in token of friendship. But the 
people were great thieves. During 
dinner I>r. Solanclcr had his piocket 
pit'.ked and an opera-glass taken, while 
another scientist lost his snufl box. 
After some trouble these objects were 
eventually recovered. 

The natives, says Cook, were 'pro- 
digious exp)ert" in stealing, and the 
greatest difficulty was experienced 


throughout the .stay m looking alter 
all loose goods They even tried to 
steal the anchor. 

But Cook was very unlike some 
commanders of other nations. He 
ordered that every means w'as to be 
taken to cultivate the Inendship of the 
islanders, and commanded that they 
were to be treated “ with every imagin- 
able humanity." All, liow'cver, were 
not as careful as Cook, and on one 
occasion when a stmtry was pushed 
over and had his musket stolen, a mid- 
shipman ordered his men to fire, and 
the thiet was hit. 

A Fort for an Observatory 

Cook now built a camp or fort, sur- 
rounding it by a bank and ditch on 
two sides and by a piali.sade on the 
other sides Two carriage guns and 


SIX swivel guns were taken a.shore to 
defend the ramp, and there was a 
garrison of .-15 men. Then the aslrono- 
mical instruments were landed and 
jilaced m their proj)er p^ositions ready 
for the observation of the transit. 

One of the friendly natives com- 
plained that he had been poisoned by 
something given him by a sailor, and 
when Banks made inquiries he found 
that the man had bitten off a piece of 
tobacco from a quid which had been 
given him and swallowed it. Banks 
ordered large, draughts of coconut 
milk to be taken as an emetic, and soon 
the native was quite well again. 

Flies proved a very great pxist, and 
when a mixture of tar and molasses 
was jihiced as a trap to catch them, the 
natives stole the mixture and used it as 
an ointment. 

A blacksmith’s forge was .set up in 
camp and the natives continually 
brought old iron to be made into axes. 
Still the thieving went on, find Cook's 


stockings were one night stolen Irom 
under lus head, where he had placeil 
them for salety. 

At last came the transit, and Cook 
writes ; " The third of June proved as 
lavourable to our purjx).ses as wo could 
wish. Nol a cloud to be seen the whole 
day, and the air was j^erfcctly clear, so 
that we had every advantage we could 
desire in observing the whole passage ol 
tlie Planet Venus over the Sun's Disk. 
We very distinctly saw the atmosphere 
or Dusky Shade round the body of the 
Planet, which very much distiirWl the 
time of contact, particularly the two in- 
ternal ones." The heat was very great 
and proved trying to the observers. 

While the officers were engagt^d in this 
important scientific duty some of the 
crew broke into the store and stole a 
largo quantity of nails, which they used 
in barter with the island(;rs. 
One man who wa.s found with 
nails in his possession was 
sentenced to two dozen lashes. 
This was the severest sentence 
tliat Cook meted out during the 
voyage, and was really extra- 
ordinarily liglit for those days. 

Dog for Dinner 

June 5th, which was King 
(n^orgo the Third’s birthday, 
was celebrated by Cook enter- 
taining a numbef of chiefs at 
dinner. Dn fortunately, those 
natives drank the King’s health 
so ollen and with such zeal 
that they brought trouble 
upon themselves. 

la return the chiefs pire- 
seated a dog to the English 
commander, which had to be 
cooked and eaten ; and Cook 
tells us that these dogs lived 
entirely on vegetable food, and 
that in flavour their flesh was 
" next only to Knglisli lamb." 

The object of the visit to 
lahiti having been accom- 
plished, the boat was careened, 
that is, turned on one side for 
scra]>ing and caulking. She was 
then varnished and the otlier boats 
painted while, and alter stores and 
water had been taken on board she 
sailed south to make a further search 
for the southern continent, although, as 
already explaiiu'd, Cook did not believe 
it existed. Finding nothing of the 
kind, the Endeavour came to the east 
coast of New Zealand. 

Before leaving Tahiti, Cook had laid 
out gardens and sown the st?eds of 
melons, oranges, lemons, limes, mus- 
tard, cress, and other Europ“)ean fruits 
and vegetables, which he had taken out 
in sealed bottles. 

The Dutch explorer Tasman Jiad dis- 
covered the west coast of New Zealand 
in 1742, but had never landed. The 
first one of Cook's crew to sight the 
land Wcis a boy named Nicholas Vomig, 
and Cook, who had ready wit in 
naming places, called this pioiut Young 
Nick’s Head. 

Here the natives piroved hostile It 
ap)])ears that when they first saw the 



Captain Cook. From the firett-known painting by Sir Nathaniel 
Dance-Holland 
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ship they tJiought it was a very large 
l)ird, and thc'y were struck by the size 
and beauty oi its wings, that is, the 
sails Wfien tlu*y saw the unhedRcd 
vniing l>ird— -the boat — leave its side 
tilled with liiiinan figures ot difterent 
culours. llu'y thought it w^as a house 
hold ot gods It was unfortunate that 
right at the beginning, when some shots 
\v<Te fired to frighten tlunii, two oi 
thn‘e natives were killt;d 

iiowever, some trading was done, 
and then tlu? New Zisihinders seized a 
'rahiti.ui boy who had joined Cook's 
ship and reiu^ed to give him up. At 
hist, though very reluctanlly, the orrler 
was given to fire on th(* 


coasts ot France have been delineated 
with more precision,'’ and he decided 
to follow Cook's chart absolutely 

Cook now resolved to return to 
Kngland by the East Indies. He knew 
that tlic Dutch had discovered a great 
mass of land somewhere to the west, 
but he had no idea whether he could 
sail round the top of it to Java. He 
namtd the last point of land of New 
Zealaml Cape Farewell, and after 
sailing lot three weeks sighted the coasts 
of Australia 

Travelling north, lie landed at a 
])lace south of what is now Sydney, and 
called it Botanv Bay, because so many 


reaching Batavia, in Java, the ship had 
been marvellously tree from disejise 
of any kind, particularly scurvy The 
surgeon reported that only five cases 
had CHXurred during the voyage, a 
report such as had never before been 
made by one of His Majesty's ships 
after a voyage of considerable length 
This was declared by the surgeon to be 
undoubtedly due to the careful fore* 
thought and constant attention of the 
commander to everything, no matter 
how trivial. 

Unfortunately the immunity from 
disease did not continue. Batavia was 
A malaria*ridden region. In twenty 
years there had been over 


canoe containing the l)oy 
Several New Zealanders 
were killed and the boy, 
seeing his cluinco, jumped 
into tlie .sea and swam to 
the ship, where he was 
picked up Cook therefore 
nameii the point whtM'c this 
uecurreil Cape Kidnappers 
Anothei })lace, where the 
natives, appearing hostile, 
wei (i 1 1 1 g li t e n e d oft b\ 
I lie firing of a shot, (aiok 
christened Cape Runaway 

A Transit ot Mercury 

1'hrougliout the voyage 
earelul scientific observa- 
tions were made, and while 
the ship was at New Zealand 
a transit ot Mercury 
occurred, and was witnessed 
and notes ot the times ol 
contact recorded 

At one place Cook named 
a river the 'riiames, because 



a million deaths there from 
malaria and dysentery, and 
while in Java a niirnWr of 
(.x>ok’s men became infected 
and died. 

C4X)k was very generous 
when he got homt^ in prais- 
ing his officers and men and 
recommending differ e n 1 
ones for recognition and 
promotion He always gave 
full credit to everyone, and 
he was invariably beloved 
by his cri'ws 

The Second Voyage 

The (jiiestion ol the ex- 
istence or non-existence of 
a great Antarctic continent 
was still reg.irded as un- 
solved, and St) in 1772 Cook 
was soul out onc(' mote on 
a second great expedition 
of cx])luration This time 
he had two new ships, 
the Re^oliHion and the 


he thougtit it looked like 


Adventure, his old ves.sel 


the river that he liad lelt when he 
started his long voyage 

VVlicn Cook found hi.s crew commit- 
ting olleiiccs against the M^ioris he 
punished them, and three men were 
given a dozen lashes each for stealing. 

Christmas Day came in iy(H} and 
some solan geese were killed and made 
into a pie. whicli was " eaten with 
great approtiation.” and wx are told 
“ in the evening all hands were as 
drunk as our forefathers used to be 
upon like fxcasions.” Cook found 
proof that the Maoris practised can- 
nibalism at times 

Eventually on March 27th lu^ writes : 
*' As we have now circumnavigated the 
w'holc ot this country it is time for me 
to think of quitting it.'’ The scientists 
of the expedition had come to the 
conclusion that European fruits and 
grain would grow well in New Zealand, 


new kinds ot plants were lound there. 
Then he sailed north, was nearly 
wrecked on the Cireat Barrier Reef, 
and took possession of the whole 
eastern coast " in the right ol Ilis 
Majesty King GtMirge the Third, by 
the name of New South Wales." 

He sailed through Torres Straits, 
proving that Austr alia and New Guinea 
were .sejiarate lands, and crossing the 
Indian Ocean and rounding the Cape 
of (k)od Hoj)e he anchored in the 
Downs on July 13th, 1771, after being 
away three years and having sailccl 
round the world 

An Immortal Bustard 

While Cook was in Australia a 
bustard weighing 17I pounds was shot, 
which proved useful for food, and the 
bird is immortaliscid in the names of 
Bustard Bay and Bustard Head When 


the Endeavour having returned to 
Whitby to do collier work once more 

Joseph Banks the scientist declined 
to go on this expedition, because he 
did not approve of tlie type of ship 
that was chosen, and so a German 
naturalist with the English name of 
John Forster was appointed. He was 
iu)t a pleasant person, and seems to 
have made the chief aim of his life 
during the voyage and afterwards the 
behtlling of Cook, He did nothing but 
complain from the time he left England 
till the time he returned. 

Dr, Joseph Priestley, the great 
scientist wfio discxivered oxygen and 
the composition of water, was also 
invited to join the expedition as 
astronomer, and expressed his willing- 
ness to do so, but in those days of 
bigotry some clergymen who hap^ned 
to be members of the Board of Longi- 


and that an agricultural population 
would nourish there 

So well did Cook chart the New 
Zealand coasts and seas that the 
commander of a French expedition 
sent out the next year spoke most 
highly of the work, and said that he 
found it of an exactitude and of a 
thoroughne.ss of detail which astonished 
him beyond all power of expression, 
" 1 doubt," said he " whether our own 


the Endeavour struck on the barrier 
Reef the name of Cape Tribulation was 
given to the point In this way the 
romance of the great voyage is recorded 
in the names of the places at which the 
Endeavour touched. 

During the voyage in the South Seas 
the travellers saw the Aurora Australis, 
or Southern Lights. 

The great wonder of the voyage, 
however, is that up to the time of 


tude objected to his inclusion on 
religions principles, because Dr. Priest- 
ley was a Unitarian. 

It is very difficult for us in these 
days to think of a distinguished 
scientist being barred from a ^st foe 
which he is eminently fitted on 
scientific grounds because of the par- 
ticular faith which he holds, but such 
things happened in those days. Dr. 
Priestley therefore did not join Cook. 
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The expedition left Plymouth on 
July 13th, 1772, and after calling at 
the Cape of Good Hojxj, went south in 
search of the Antarctic continent. The 
vessels cruised about and went down 
Wow the Antarctic Circle, w'hon they 
were driven back by masses of ice, 
which at one time completely blocked 
the ships. They took lumps of ice on 
hoard and melted them for use as fresh 
water. 

In the fog the vessels became 
separated. Cook, being unable to find 
the Adventure, sailed for New Zealand, 
and proceeded up the west coast. Gne 
day he saw six water-spouts, one of 
which came within fifty yards of the 
vessel. At Queen Charlotte Sound in 
the north of South Island ho found 
the Adventure once more. 

While at New Zealand Cook landed 
in secluded spots a pair of goafs and a 


Cook suffered from a bilious fever, 
probably brought on by the cold. 

At many of the islancls at which the 
expedition called the natives proved 
great thieves. They stnzed anything 
they could lay their hands on, and one 
man even tried to cut the line that lu'lcl 
the sounding lead sc> as to obtain the 
metal. 

At s. .me places trouble . was ex 
perienc(*d, and guns had to he fired 
to frighten the people. Sailing round 
Cape Horn and crossing the South 
Atlantic, Cook anchon'd in Table Bay. 
He landed and called on the Hutch 
Governor, who did all he could to 
assist the English navigator. Fresh 
food was provided, and Hum Cook 
sailed for home, arriving at Plymouth 
on July 29th. 1775, to find that the 
attention of the English ^x^ople was 
<>ccupie<l with the American Cohjmes. 


the Navy, and on July 12th, 1776. he 
sailed on his third and last long vovage 
of exploration. 

He went himself in the Resolution 
once more, and an accompanying ship, 
the Discovery, sailed with him. They 
went round the Cajx^ of Gc)od Hope, 
sailed south to Australia, and ca 11 <'d at 
New Zealfiiid and 'fahiti, and then 
saih.'d north up the Vaeific to s<‘e if a 
passage could be found round the 
north of America back to the Atlantic. 

After calling at the Hawaian Islands 
they travelled u]) the west coast of 
America, round .\lnska and through 
the Bering Straits At one place they 
laridevl and found the natives great 
thieves li^verything of metal that 
could be stol(*n was taken. Fish-hooks 
were cut from their lines, and iron, 
brass and copper fittings were taken 
from the boats. 


boar and sow, hoping that 
before these were seen and 
huntc?d by the natives tht'.y 
might increase in number. 

A ram and ewe also were 
landed, hut the next day they 
w(in* found lying deatl, .ind it 
was Ixdieved they had ealim 
something jKiisonous. 

Leaving New Zealand, Cook 
sailed for Tahiti ome again. 
wh(ue he obtained fresh meat 
and vcgctable.s. The natives 
behaved fairly well, except 
that one of them jneked up 
the iT)conuts from which the 
sailors had extracted the 
milk, tilled up the openings 
very skilfully, and sold them 
a sts'oiid time to the crew. 

Seeking a Continent 

The .ships lelt Taliiti and 
cruised for many months in 
the South Seas, calling at vari- 
ous islands and still looking 
for th(^ Antarctic continent, 
which they never found. 

Cook sailed again to New 
Zealand, but lost sight of the 
A(k>cnttire, which he never saw 
again till he reached home, 
when he found that his com- 
panion ship had lx*cn back in 
Ei^^lancl for nearly a year. 

M^ok himself was away foi 
about three years, and in part 
of the voyage experienced 
very rough w(’ather. We are 
tol 4 that in December, 1773, 
when the ship was in the 
neighlxiurhood of the Antarctic Circle, 
" icicles frequently hung to the noses of 
the men more than an inch long,” and 
that the men were ” cased in frozen 
snow as if clad in armour.” 

In all his attempts to go farther south 
Cook was .stop|iea by floating \cv. On 
March iith, i774» the Resolution called 
at EastiU' Island, where Ctjok landed 
and found the natives wearing Eurojxjan 
hats and jackets, wliich they were said 
to have received from Spaniards who 
visited them four years earlier. The 
ngantic statues for which this island is 
famous were noticed. At this time 





seeing his chance, jumped into the sea and 
the ship, where he was picked up 

Cook had made many important 
geographical di.scoveries during this 
voyage, and the maps which he j>re- 
pared are practically those which are 
used to-day, though, of course, many 
further detiiils have been added. Out 
of 118 men on board the Resolution 
only one had died of disease. It was 
the first time such a wonder had 
happened. 

To honour CxKik's contribution to 
hygienic science the Royal Society 
presented him with the Copley Golcl 
Medal, its highest award. Cook was 
promoted to the rank of Captain in 


” Before wo left the place,” 
says Cook. ” hrirdly a bit of 
bniss was left in the .ship, 
cxci'pl what was in the neces- 
sary instruments. Whole 
suits ()f eloth(‘s W(‘re stripped 
of evx'ry button, bureaux, etc., 
of their furniture, and lopper 
kettles, tin eanisters, candle- 
sticks, etc., all went to wrack, 
so that these people got a 
greater int'dley and varu*ly 
of things from us than anv 
other peopkr w^e had visited.^’ 

Water in the Oil 

The people were cunning 
in other wavs, for they were 
found adding water to the 
bladders of oil which they 
sold to the crew. At another 
place a native who was 
allowed to go into Cook's 
cabin carried oti liis watch, 
hut it was recovert'd later. 

Cook cruised about 
between the American and 
Asiatic shores ot jfering 
Strait, going north just be- 
yond Icy Cape in Alaska, 
which is beyond the 70th 
parallel of latitude, and then, 
being unable to penetrate 
larthei, he turned back and 
called at the Sandwich 1 stands 
(luw known as Hawaii) pro- 
posing to stay there lor the 
winter and make a detailed 
warn to survey ol the islands. 

He arrived on January 17th, 
1779, and after .staying a 
fortnight and being very well received, 
he himself being treated almost as a 
god, lie set sail once more on February 
4th. Encountering very bad weather 
and finding his fore-mast sprung, he 
returned, and anchored in Karakakoa 
Bay once more. 

The whole l>ehaviour of the natives 
now' seemed changed. They thieved 
more boldly, and were lx)th surly and 
insolent. The carpenter’s tongs were 
stolen twice in one day, and the pursuit 
of the thief led to a severe skirmish. 

The English established a camp for 
scientific observation on the shore 
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thf‘ ship was luhrij; ici>aiicrl, and ol stones was at oruv tiirown at the advances, however, were intermingled 

during thr night tlu* S(‘nlii(‘s luid to be white men. who replied with a volley. whth hostile demonstrations, and after 

doubled, t'nder ( over o( thu kiiess some d'hey were; about to reload tlieir provisions had bee*i obtainecl and 

iiativi s st(»Ie Iht' />/s/ err; v’s cuitt'r, and guns when there was a rush ot natives, what could be recovered of Captain 

(h)()k went ashore to set' the head men and four Englishmen were killed, Cook's body had beicn committed to the 

anfl g< t the l)oat rt'turned, .Some ot others being wounded. An otficer w^as deep, the ships sailed for home. It is 

their taiKM w(‘ie pursued, aiwl ('ook stabbed, but belore thti blow could said that some of the murdered com- 

\Mtli a. pm tv of marines landisl and be rt'peated he shot his assailant. mandcr's bones were long afterwards 

niniehed tt; tht' t htet's village, where he (.'ook, who was at the water’s edge, preserved as sacred relics iii Hawaii, 
was re<cue(l with the usual nuuks of turned round to tell the boat's crews to It would si^cm that the attack on 
' stop tiring and pull in to llui shore. Cook was not planned out, but was 

This elik't seemed Iriendly, but a As long as he laced the natives they did simply the result of a sudden outburst 

large troA\d ol natives g.itlu'red round not toiuh him, but as soon as his face of rage at the punishment of the thieves, 

and showcil in.^ilent hostility. Cook was turned one struck him on the This makes the .sad end of tlie great 

wanted to take the chief on boaid his head, and another stabbed him in the commander all the more tragic, 

slnp. and the man seemed willing, but back. During this third voyage a good deal 

the natives would not allow tins. Then lie at once fell with his face in the of use was made of fireworks, to impre.ss 
shots were heard coming from the other water, and then there arose a great the natives, and di.splays were given at 

side of the island, and it turned out shout liom tht* native's, who rusherl various stfijijiing places, 

that a pait y Irom the Disamry, in try^ forward anil dragged the Ehiglish Iho Resolution and returned 

mg to ]>reverit some canoe.s Irom getting commander up the beacli. slabbing him to England bv a long voyage Vound the 



The Death of Captain Cook at the Sandwich Islands, now known as Hawaii From the painting by G. Carter 


away, had had to lire on them, and a 
chief of high rank had been killt'tl. 

The natives now became very excited, 
and it was seen that they were sending 
their women and children away. Things 
looked serious, especially when a man 
with a stone in one hand and an iron 
spike in the other came up to Cook in a 
threatening manuor. 

Cook tried to calm him, but he be- 
came rnim' excited, so Cook fired a 
charge oi small shot at liim. He was 
not injured, as the mat clothing he 
wore ])rotecte(l hmi. 'I'hen some stones 
were thrown at the inariue.s, and a chief 
tried to stab one of the oliicers, who 
thereupon knocked him down with the 
butt end of his musket. 

So thrtiiit cuing had the natives bC' 
come that ('ook firt'd tht* second barrel 
of his gun, which was loaded wdth ball, 
and killed one of the natives, A shower 


again and again. The other luxglish- 
nien nisht'd into the water and made for 
the boats. 

Eivi' men, including Captain Cook, 
hail been killed, and as it seemed im- 
possible to recover their bodies, the 
boats put off. Then the Ixiats were 
rccalletl troni other parts of the bay, and 
a strong iorce was landed to bring off 
the Jiarty who were still at the camp. 

Tlie native.s gathered in forci^ but 
the guns were turned on them and there 
was no further trouble. The foremast 
of the Hr sol lit ion was on the shore when 
the trouble broke out, but the ert'w. 
with the help of the force that haci 
been lauded, managed loget it aVioard. 
It was on February J4th, 1779, that 
Captain CTxok met his death. 

Eater on, natives arrived with white 
flags and a.sked for peace, and .some of 
them brought gifts of breadfruit, 
sweet potatoes, and so on. The friendly 


coast of Kamchatka and Alaska, and 
back via Japan, the Sunda Strait 
between Sumatra and Java, and the 
Indian Ocean and ("ape of Good Hope. 
'J'hcy arrived back in the mouth of the 
Thames on October 4th, 1781, having 
been away lour years, two months an(i 
22 days. 

But it was a tragic home-coming. 
The great commander had done the 
work he had been sent to do, and had 
done it well, but he himself was no 
more. 

He liad, however, done more than 
mapped the oceans. He had shown 
navigators for all time how they could 
sail the seas for thousands of miles, 
remaining away for years at a time, 
and yet keep healthy. It is .scarcely 
an exaggeration to say that Captain 
Cook’s work has resulted in the saving 
of hundreds of thousands of lives on the 
high seas. 
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THE ATOM AND ITS ENERGY 

Science is one long procession of marvels, and Itie greatest marvel of twentielli-century science has been to release the 
energy that had remained locked in the atom since the universe began thousands of millions of years ago. Not only 
does the release of atomic energy promise to place at man’s disposal an inexhaustible source of industrial power, but 
it has realised the alchemists’ dream of transmuting metals. Unhappily, the first use of atomic energy was as the 
most destructive weapon of war ever devised ; but. as you can read in pages 1057 and 1058, its peaceful uses are many. 
If man can be sane enough, the splitting of the atom will benefit the world. Here you read how scientists released the 
vast power of the atom ; drawings on pp. 494-95 and 1 128-29 show how this power can be used to generate electricity. 


A s you can rc«ul in the article on 
elements on page all 

matter is atomic in structure. 
But although an atom js the smallest 
portion of matter ca])ablo of entering 
into chemical combination or of being 
chemically separated, it cannot generally 
maintain a separate existence except 
in a few kinds of atoms. 

Physicists liave estabh-shed 
that there are less than loo 
different kinds of atoms. Atoms 
have a very complicated struc- 
ture made up of positive and 
negative electric charges .so that 
c'hx'tricity is basically atomic. 

All atoms consist of three 
kinds of particles : electrons, 
protons and neutrons. The 
electron is a minute particle of 
negative electricity and. when 
separated fioiu the; atom, is 
pun'ly electrical and almost 
without mass. The weight of 
an electron is much smaller than 
that of the lightest atom ; one 
hydrogen atfim w'cighs as much 
as i,tS 4 o ek‘Clrons. 

The proton is the electrical 
opprisitc of the electron, having 
an (*cjual but po.sitive charge 
and a sligJit nia.ss. The neutron 
has no charge, but it has the 
.same mass as the proton ; 
consequently, the mass of any 
atom is the sum of the masses 
of all the protons and neutrons 
contained in it. 

Protons and neutron.s of an 
atom are held together in a com- 
pact nucleus about vvliich tlie 
ekrtrons travel in orbits, in 
much the same manner as do 
the planets round the sun in the 
solar system. Although the 
nucleus is .small corn])ared wnth 
the dimensions ol the atom, its bulk 
constitutes the main nuis.s of the atom. 
The diameter of the atom is about 
20,000 times that of the nucleus, while 
the .sijte of the electron is approxi- 
mately that of the nucleus. 

Iilectrons nearest to tlie nucleus are 
more or less tightly bound to it, but 
those on the fringe, or outer orbits, are 
comparatively free and able to move 
from atom to atom throughout a 


sub.stance. It is these Ireely-moving 
electrons that are believed to he 
n ‘sponsible for the conduction of 
electricity through substances. 

With some atoms, the outi^r, or 
comparatively free-moving electrons, 
are more closely bound to the nucleus 
than in others. The.se are the atoms 


making up the molecules of substances 
having a poor electron flow ; e.g., the 
substances from which electrical in- 
sulators are made. Atoms in which the 
outer electrons arc loosely held arc 
m()re free to move from atom jto atom, 
SO that the electronic flow constituting 
an electric current may easily be in- 
duced. These latter atoms make uj) 
the molecules of the suKstances 
which are good electrical conductors 


In all luuTTuil atoms the sum of the 
proton charges equals the sum of the 
electron charges, so that the atom is 
electricallv • balanced ; like a magnet 
with equal pole strengths. The number 
of elect ronchargt^s, which alwavs remain 
equal to the po.sitive charge ol the 
nucleus, varies from element to 
clement These atomic electrons, 
whale vei their number in any 
one atom, are responsible for 
the binding of the varons atoms 
together inti) lh<‘ complete 
molecules of chemical com- 
pounds, and for the character 
of the light eniitt(‘d by the 
different kinds of atoms. 

As they are eku trual systein.s, 
atoms have energy, but this 
energy is not constant. Thus the 
atoms in the tilainent ol an in- 
candescent lamp only emit light, 
which is a form of energy, when 
excited by the jiassage of an 
electric heating current ; when 
the current is switclied ott the 
atoms lose* their (*nergy. 

IClecIrons can be removed Irom 
an atom without very great 
difficulty, as bv an electric 
spark. This proiess also takes 
place in very hot gas(‘s. It 
hapjiens in the stars, and also 
in the cathode f)f a radio valve ; 
in the latter instance the elec- 
trons are separated from the 
atoms of the cathode. 

S(q'>arating an electron from 
an atom leaves the atom ioni/ed, 
of temj)orariJy converted into 
an ion with an (‘ft’oetive positive 
electrical charge due to the 
unbalanced electrical state the 
atom has acquired. Ionization 
may be effected through 
striicing against other fast- 
moving atom>s ; by the application 
of intense electric fields ; or by light 
of suitable wave-lengths. Ktmioving 
electrons from atoms requires con- 
siderable energ^^ because of the electrical 
attraction between tlie electron and 
the positively charged remainder of the 
atom ; it is not, therefore, a source of 
practical or useful energy. 

Certain of the heaviest atom.s, how- 
ever, emit radiations called radio- 



The atom, although containing protons and electrons, is 
mostly made up of empty space. Scientists tell us that if 
we could press the protons and electrons together and do 
away with the empty space inside the atoms, the material 
in all the ships of the world’s navies could be put inside a 
woman’s thimble— and leave space to spare. 


1125 
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activity from the atomic nucleus. 
1'hcse atoms have nuclei which arc 
unstable and tend to break up, expelling 
when they do so j)articles hii^h 
ener/^y. These particles are usually 
positively charged and they carry some 
of the charge on the nucleus, so that 
the nucleus remains with a smaller 
charge, ronse<|iicnt]y the remaining 
atom retains fewer elections and be- 
comes an atom of a chemicallv different 
substance. 

'riiis changing of one su Instance into 
another is not new, but has been going 
on in nature ever since there 


obviously go on indefinitely, and the 
problem of releasing energy from the 
nucleus of the atom would be solved. 

There was one main difficulty. For 
the most part only slow«moving 
neutrons can split uranium atoms. 
Tlie neutrons produced b)^ the split, 
huwe\^er. are nearly all fast-moving. 
When they hit a uranium nucleu.s they 
usually fienetrate inside and stay there ; 
they are said to be absorbed. 

The problem, therefore, was to find 
some substance which would slow 
these fa.st neutrons dowm without 


mass of 850 tons of pure graphite. 
Fast neutrons coming out of one rod 
are slowexJ down by the graphite to 
below the speed at which they would 
get absorbed by uranium atoms. By 
the time they enter the next rod, they 
^ are going at just the right speed to split 
up more uranium atoms there; and 
the process goes on indefinitely. 

To stop it from working too fast 
and blowing itself up, there are also a 
number of cadmium rods which can be 
thrust into the pile or pulled out at will. 
Cadmium has the special property of 
absorbing almost any neu- 




were radio-active substances, 

but on a very slow scale. 

Till' development oi nuclear Sug - t c, 
fission, which enables the 
disintegration of radio-active 
elemc'Uts t(j be speeded up Ca»wt 

and ( ontnillod, makes pos- 
sible useful and large-scale _ 

use of atomic energy. 

The lirsl step in the "" 

development of atomic Cowtmc 1 

power was in 1030 when a 
(iernicin chemist, Otto Ilahri, 
began to bombard pieces 
of uranium with streams of 
neutrons. Uranium was the 
largest atom then known, 
with 02 protons in its 
nuc.leus and 02 electron.s 
niund it. Hahn hoped to 
gel a neutron to stick inside 
the nucleus, which he 
thought would then throw ® 

nut one unit of negative 
electricity in the form of an 
electron, and so turn into 
the nucleus of a totally new 
element with 93 protons. 

As it happened the uranium EKPaaiMti 

atoms did nothing of the mcul Ki 

sort ; they split in two, and 
in place of the totally new Tmumpl < 
element hc' was looking for, 

Hahn found only the two 
well-known elements barium 
and krypton. Suasefts. 

But this splitting of a 
nucleus into two more or less 
equal parts, which is called 
nuclear fission, was at once ^ 

recognised as a matter of gl^E^P 
groat im|>t>rtance, for two pjig* 
very good reasons. Harwell^ I 

It was known that a inside the 
itrauiuni nucleus actually is to prote 
weighed more than the parts process of i 
into which it broke up, and 
according to a theory of another 
German scientist, Albert Einstein, 
if mass disjippeared in this way, 
very large quantities of energy 
indeed would be produced. The 
splitting of the nucleus was also 
important l>ecause the uranium atom 
when split was found to produce, 
besides the two main fragments, several 
free neutrons as well. If each of these 
was capable of making a fresh atom 
split up, then the process could 
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tron which gets into it ; so 
when the number of neutrons 
begins to grow too rapidly, 
the cadium rcxls are push^ 
in automatically to mop 
some of them up. 

The energy released takes 
the form of heat ; so blasts 
of air are blown through 
cooling channels in the 
graphite, and the hot air 
when it comes out is used to 
heat water for radiators. 

At Areo in Idaho, the 
heat from a reactor has 
been used to drive an electric 
generator. This was a 
purely experimental afiair, 
however, and the British 
reactor at Calder Hall, 
Cumberland, was the first to 
produce electrical energy for 
industrial purposes. 

The first reactors were 
made from ordinary uran- 
ium. But about one in every 
140 atoms of uranium is 
of the special kind called 
uranium —235 which can be 
split up not only by slow 
neutrons, but by moderate 
and fast neutrons as well. If 
the uranium used in a pile is 
made with more than the 
natural profxirtion of uran- 
ium— 235, then the amount 
of graphite necessary can be 
reduc^. 

A reactor can also be run 
in such a way that a lot of 
neutrons are absorbed bjr 
uranium atoms. When this 


This diagram shows you what it is like inside the atomic pile ^gy^rons are absorbed bv 
GX.E.E.P, The initials stand for Graphite Low Energy Experimental 

Hie. G.L.E.E.P. is at the Atomic Energy Research Establishment, uranium atoms. When this 
Harwell, Berkshire. As the diagram clearly shows, all operations happens the new element 
inside the pile are carried out from a distance by remote control ; this neptunium is produced, 
is to protect the scientists from the dangerous radiations during the which in due course changes 
process of atomic fission. A photograph of G.L.E.E.P is on page 1058 of its own accord into an 


r of another 
lert Einstein, 
in this way, 
of energy 


abvsorbing them, so that they could 
in their turn split up fresh uranium 
atoms. Two substances only wore 
found useful for this purpose : one 
was heavy water ; the other, graphite. 

The first atomic pile or nuclear 
reactor to be used for civilian engineer- 
ing purpo.ses was BEPO, th e larger of 
the two experimental piles at Harwell, 
Berks. This contains something be- 
tween 28 and 40 tons of uranium in 
the form of rods thrust into holes in a 


itrol ; this neptunium is produced, 
luring the which in due course changes 
E>agc 1058 of its own accord into an 
atom of plutonium. Pluto- 
nium, as it hapi>ens, has the same 
properties as uranium —235 ; so that 
this tyjie of reactor will sometimes 
make as much new fuel (plutonium) as 
it uses up in the form of uranium — 235. 

Reactors have also been made with 
heavy water instead of graphite. In 
this case it is not necessary to have the 
uranium in rods : it can be in the form 
of a radium salt dissolved in the waiter. 
These “ water kettles ** can be much 
smaller than graphite plles^ and it is 
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believed that they are the ones likely 
to be used for ships and submarines. 

One of the preat troubles of generat- 
ing atomic power is that the more 
powerful the reacb)r the more deadly the 
radiatit)n it gives off. A reactor giving 
a power of loo kW has to be screened 
with at least lo feet of concrete behire 
it is safe to come near it. This will 
always l)c one great drawback to the 
use of atomic tJiiergy for driving land 
vehicles or any but comparatively large 
ships and submarines. 

Perhaps the most promising peaceful 
application of atomic energy is to use 
it for the generation of large-scale in- 
dustrial power. By means of heat 
withdrawn from a nuclear reactor by a 
liquid metal, enough steam pressure can 
be produced to drive a turbine which in 
turn drives an electric generator. It 
must be remonibercd, however, that a 


nuclear reactor is not in itself a motive 
force; that is. it doe.s not replace a 
mechanical source of energy such as a 
steam engine. 

Atomic energy is simply a form of 
fuel, and l>efore it can do useful work it 
must heat the boiler of a steam engine, 
and the steam then drives a dynamo. 
Unfortunately, the capital cost of 
nuclear reactors is very high, while 
uranium is very scarce and dear. Hut 
one ton of uranium has the power value 
of a million tons of coal. 

But there were many other difficul- 
ties. One was lo lind engineering 
materials which will not disintegrate 
under inten.se radiation. 

All these problems were solved by 
the United Kingdom Atomic Energy 
Authority, and in 1054 British 
government announced plans to have 
in operation a dtizen nuclear power 


stations by TO70. The first of these 
.stations, which is described and illus- 
trated on pages 404-05 was opened at 
Cakler Hall, Cumberland, on October 
17, 1956. This was the first full-scale 
atomic power station in the world, and 
now supjilies electric power to a wide 
area of the north- w'est of England. 

'['he itulnstnal use of atomic power 
has now passed from the experimental 
to the practical stage. In 1957 fhe 
United Slates Navy had in sctrvice the 
first of a fleet of seven submarines 
driven by atomic- powered engines, 
and plans were iMung made to build 
tor the lilritish Merchant Navy a large 
cargo vessel driven by similar engines. 
Both the U.K. and the U.S.A. have 
conducted exj)crimcnts in atomic- 
powered aircraft, and railway engineers 
are thinking of atomic-powered Ux'o- 
motives. 



In thlft ohotAffTAnh vou see the outside of BEPO, another pile at the Harwell atomic research laboratories. BEPO is an abbreviation 
fSr ESer^taTm Some idea of the size of the pile can be obt^ned by comping with it the man going up the st^ 

on the riaht Only part of the pile is above ground, and underneath the equipment m the left is a control room gmng ac^ss to the 
1 ^ 1 ^ lace* below ground level/ On page 1058 you will find a photograph of G.L»E.£.K) the smaller of the two piles at Harwell. 
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ATOMIC POWER STATION THAT “BREEDS” MORE 





This photograph of the outside of the Atomic Research Station 
at Dounreay shows the reactor sphere with, on the left, the 
turbine hall, and on the right, the heat exchanger house. 


Dounreay Atomic Re- 
search Station covers 
an area of 140 acres 
and, situated two miles 
from Thurso, Caithness, 
was formerly a Royal 
Navy aerodrome. The 
station cost £20,000,000 
and, completed in 1958, 
took five years to build. 



Although it is designed to generate electric power for domestic and industrial use in the north of Scotland, the Dounreay Atomic Research 
Station is primarily intended to gain information about what are called breeder reactors. A breeder reactor is a device which, during 
its production of atomic energy, produces more fissile material, or fuel, than it actually burns in its core. The source of power in the 
fast reactor at Dounreay, which is housed in the steel sphere, is the fission of uranium 235 and uranium 238 in the reactor core. Because 
the consequent fast neutron chain-reaction cannot be kept up in natural uranium 238, the fast reactor core contains a high proportion 
of uranium 235. The reactor core, which is 21 inches in diameter and 21 inches high, consists of uranium rods, sheathed in niobium 
containers and arranged vertically in a closely-packed bundle. Surrounding the reactor core is the breeder, called a blanket, which is 
made up from 2,000 rods of natural uranium, each rod being 8 feet long and il inches in diameter. The reactor core and the breeder 


FUEL THAN IT USES TO GENERATE CURRENT 


1^2 


The reactor sphere Is t$s 
meter and, constructed of steel plating 
varying in thickness between one inch 
and il inch, weighs 1,500 tons. The 
plates were welded together, and the 
total length of the welding is over two 
miles. The sphere houses the reactor 
and is, in effect, a huge pressure vessel, 
its function being to prevent the 
spread of dangerous radiation in the 
event of an accident to the reactor. 
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Slatnlfss strft premurr rrssrl , 3 , i.ccmtric 
rotating skte/Js ; 3. Sfott'ogt rompat/tnrnli for 
corr malertalx : 4,lixpan\inn tank ; f*riinary 
circuit ftectro-magHftic pump ; fi, Aice^^ donr . 
7, Lrang for tore matcriats ; 8, s^-tttn crah , 
!*rtmarv kfot ftf-kangrr ; 1 1, (moi ou/Ut iturltng , 
ix, Leak detettot urcuit , 13, ('onirfte bwloguul shield 14. / hermal 
ikieU Rtts-toolitiK apace ; 15, I emporarv flooring uted for umdrueJ- 
purposes only; ift, (wenerator^i for nitrogen cooling avateiu; 
yiSfirSK^’Ma Aaministration building ; iR, Control room, 19. Cahlr duct. 

20, Cable drop; 21, Cold trap, tJ, Sitrugen tooting dutt^ ; 23, Air-Unk entrance ; 24, titeel tube mam supports, 23. Seutron shield : 
z(». Active element storage building ; 37, Dump tanks for liquid metal , 28, 'J'urhine house ; 29, i'^coiwtcify heat exchanger hutldtng . 
30, Thermal-syphon inlet dram . 31, Secondary eireutt header-inlets ; 32. Secondary circuit header-outlets ; 33, '1 hermal-wphon 
header inleds , 34, Thermal- syphon header-outlets; 35, Primary liquid metal eireuit . ih, Secomlary circuit gai coolant . ^7. Leak 


jaihets; 38, Tk'ermal svpkon outlet; 39, Ckarge (discharge machines ; 40. Distribution boards; 41. .Secondary circuit expansion tanks, 
42. Secondary circuit cold-traps; 43, Secondary circuit electro-magnetic pumps; 44, Liquid-metal pUtng pipes ; 45, Secondary 
sodtumlwater heat -exchanger cubicles ; 46, Cable tray ; 47. Sea water inlet and outlet pipes ; 48. bpkere ventilation ; 49, Rotating 
ladder; 50, Nitrogen tanks; 51, Subsidiary nitrogen cooling syUem ; 5*1 4 diaphragm-type compressors and instrumcnl 
panel ; 33. Fan Gallery ; 34, Air fans and aw-oit exchangers : 55 . Mam nitrogen fans ; 56, Hot air rmt-matn ; 37, Secondary control 
panels; sS, Reserve feed tanks : 59, Make-up tank; 60, Surge lank; 61, Steam drums; 6a, drculating pumps; 63, Blowdown 
vessels; 64, Feedwater pumps; 65, Avr pumps; 66, Inert gds receivers; 67, Charging station. 


are containad in a stainless-steel ' * pot,** called the reactor vessel, which is xo feet 6 inches in diameter and 20 feet 1<^. Liquid sodium* 
potassium is pumped into the top of the reactor vessel and flows over the reactor to keep it cool. As the cooling liquid passes from the 
vessel it earnes with it the heat generated by the atomic fission of the materials in the reactor and transfers it to heat exchangers.. 
Tliere the heat is transferred to a Uquid metal, which in turn heats water to produce steam. The steam is then used to drive the turbo* 
alternators which generate electric power. The whole operation is controlled from a room in the administration building. At the 
rear of the administration building is a heavily-shielded storage block where the atomic materials are kept until required. The enormous 
quantities of water needed lor cooling the condensers and other equipment at the station are pumped from the sea coast, about 100 yards 
away. Hall a mile from the station are the buildings where the exigine for the Royal Navy *s first atomic*powered submarine is being built* 
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Thfue photographs give you some idea of the huge telescope at Mount Palomar, Cali" 
fortna, which since i<)5o has been pfobing into space to a distance of 1,000 nnllinn 
light yeafs , a light year is cQual to ^.SyS.zoo million miles. 1. An audience of several 
hundred people hstening to a lecture under the 1 40-ion tube of the telescope. 2. 1 he 
balancing mechanism supporting the telescope tube. 3, VVie telescope's loo-tnch mirror 
whuh weighs 14^ tons: the bach oj the mirror is honevi omhed to reduce iveight and to 
allow for temperature (haitges. 4. A technician adjusting the canieta ntounied in the 
tube of the telescope, the camera photographs star images reflected in the mirror. .5 The 
observatory building housing the Iciest opc, which xsnth its mountings and othei equip- 
ment iveighs nearly i,och> tons. 
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THE WONDERFUL STORY OF THE PEARL 

The pearl is a very beautiful jewel, and yet its origin is very strange, and not such as we should associate 
with anything beautiful. It is found within the shell of the pearl oyster, but itiis not a sign of good health, 
but of a complaint from which the oyster is suffering. Nevertheless, its story is a romance, as we shall 
see when we read here the history of the pearl and its formation 

O F all the jewels worn by ladies, a pearl oyster shell and pop inside a caused by parasites that are so much 

none is more beautiful than tlu* tiny grain of mother-of-pearl which in demand, and wliich are the genuine 

pearl with its dainty texture and they liave rounded. riuj niolliiso natural jiearLs. 
iridescent colour. Yet how many of covers this with coat after coat of When tlui pearl oyster begins to coat 
those who wear ])earls liavt* any idea nacre, and in duo course a pearl is tlu^ parasite or any other object with 

that these beautiful objects are the produced which can be taken from the nacre, th(f first layers ccjrrespond 

tombs of little worms ^ shell and sold. It has dl the apj)earance roughly to the outline of the embedded 

Most of us are aware that the pearl a n'al natur.il pearl wliich lias bi'cn objis't, but gradually the later layers 
i.s made by a creature known as the produced without any intervention on smooth over any irivgn lari ties and a 
pearl oyster, though really it is not an the jiart of man. ' perfect jiearl is as splicrical as a ball, 

oyster at all, but a mollusc Unit would How are the genuine natural pearls t)f course, the neann* to the shape of 
be more correctly termed a mussel. produced ? Well, here comes in tlie ^ sphere a pearl may be, th(^ more 
The pearl oy.ster, to give it its romanticstory of the little worm. There valuable it is, 
popular name, lives in a double, or an' certain ])arasit<'s which prey upon Somt*times the })earls arc attached 
two valved .shell, the material of which the pearl oyster, slipping in through the to the slicll, and when they an* taken 

consists of three layers. 'J'lie outer layer o])ening bi'tween the tw«) valves. ‘J'hey away it can always be seen where they 

IS rough and hard, while tin* joined the mother-of-pearl 

' '' lining. The most valuable 

pearls an^ those which are 
formed not on the shell but 
in the soft part of the 
mollusc. 

Pearls from Ceylon 

Pearl oysters an’, found 
in ditlerent parts of the 
world, in tiie north of 
Australia, for exaniph;, but 
the most valuable pi’arl 
lisherj(‘s are those of ('eyhm. 
The oysters are brought up 
from the si'a-bed liy natives 
who dive without any 
divingdress, 'riiese men 
an^ able to stay under 
water Irom 50 to So sei.onds 
at .1 time, and while they 
are there they ra-jiidly scoop 
up the oysters, jilacing them 
in baskets slung rouncl their 
rK’cks. They start their 
work early in the morning, 
and by midday are 
exhausted and have, to rest 
for the remaind(T of the 
day. 'Phe whole of the 
CVyloii pearl tishery js under 
the control ol the. Govern- 
ment, and ih<’ greatest j^re- 
caiitioiis have to I'M* taken 
to see that none of the 
pearls is stolen. On some 
days as many as 4,300,000 
oy.stcrs are brought up from 

pearl oyster’s shell, the creature is irritate the oyster, which at once the se‘a-bed, and 41 millions have lieen 
irritated and begins coating the begins to coat them with nacre. Of taken m the course of 38 days, 
intruder with mother-of-pearl. Know- course, when they are enclosed they It might be thought that wnth such 
ing this, the Chinese open the sliells die, and so the beautiful jicarl on captures the stock of pearl oysters 
and insert little leaden images of which layer after layer is ailded, becomes would soon become exhausted, but the 
Buddha. The oyster at once begins to their tomb. Itispearlsof this kind that creatures multiply very rapidly, and 
coat the figure with nacre, and after a are the real jewels which cxre so much when some years ago a Government 
time the shell is opened once more sought after. Of course, even a grain inquiry into the state of the pearl 
and the little pearl Buddha taken out. of sand inserted in the oyster-shell will fishery was carried out by scientists, it 
In the same way the Japanese open become coated, but it is the pearls was found that the numlier of young 
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iniicrniost layer consists 01 
that beautiful substance 
w^hich we. <‘all mother-of- 
pearl, but is known to mt'ri 
of .science as nacre. 'Phe 
moIhis(' that lives m this 
shell is a soft, ereatiire whic’h 
IS wrapped in a mantle or 
flap of skin, and it is this 
mantle in lontact with the 
shell everywhere, that 
makes the mother-of-pearl 
material. 

A Lovely Substance 

I'.xactly how the mollusi' 
prodines the snbsl.iiiee is 
not known, but in some 
way it takes the injniTal 
aragonite which is dissolved 
in .sea -whaler, cumPnnos it 
with ('.ertam organic inate- 
tial and produces the lovely 
.substance wdiich foims both 
mother of-jicarl and the 
individual pearls which are 
worth .so mucli. Aragonite, 
by the way, is the. mineral 
which often forms laytus on 
the inside, of boilers that 
use hard water. PTom time 
to time ilio Ixjilers have to 
bo cleaned out by having 
this hard mineral substance 
chipped off the insides. 

Whene^ver any foreign 
.substance gets into the 










A wonderful collection of pearls found inside the shell of an oyster 
that was brought up by the pearl fishers at Sharks Bay on the coast 
of Western Australia. The photograph was taken by Mr. W. Saville 
Kent who spent many years in the Australian pearl fisheries. 



WONDERS OF ANIMAL AND PLANT UFE 


oysters at one place alone numbered 
over a hundred thousand million. 

The pearl oyster, unlike the edible 
oyster of our own .shores, which remains 
fixed for life, moves about from time 
to time. Tt fixes itself to a bank under 
the sea by means of the bundle of 
threads known as the byssus, a word 
meaning: cotton, but when it wishes to 
migrate to another plat'e it slips its 
natural cable and travels freely to the 
new feeding ground. 

The pearl fishers dive from boats 
which go out some distance from the 
shore, and as th(* oysters arc brought 
to the surface the tnen on the boats 
sorts thorn out, cleaning away the sea- 
weed, stones, an(I other objects which 
cluster rountl the shells. 

When the boat ha.s a full load it 
returns to the shore, and the oysters are 
carricnl to a (ioverrunent building, a 
large shed, where they arc divided 
into three heaps. Two belong to the 
(lovernmcnt and the third is the 
property of the divers, who .share it 
among them.selves. The Government's 
oysters are sold by auction in Jots of 
one thousand, and some <lealers buy as 
many as 50,000. 'J'he purchaser 
removes the shells to his own .shed, 


where they remain in water for a week 
and decay. Then they are searched for 
the jiearls. 

At one time diving for pearls was by 
natives who worked naked, holding 
their breath while under the water, but 
nowadays most jiearl collectors wear 
diving suits, and are thus able to spend 
more time selecting the pearl.s. 

A Workman *8 Luck 

Sometimes a pearl is so embedded in 
tJie nacre covering of the shell as to pass 
unnoticed, but it may be found later 
when the mother-ol-pcarl is being 
taken from the shell for the making of 
kriife-handles and other articles. 

Sonic years ago a Birmingham 
workman found a fine pearl the shape 
an<l si/o of a small damson, while 
cutting the mother-of-pearl from a 
shell, and it was sold for some hundreds 
of pounds. 

A pearl taken from a shell less than 
four years old is oi little value, and it is 
believed tliat after the age of seven 
the mollu.se deteriorates as a pearl 
producer. 

J'hc pearl divers iire subject to many 
dangers. One, of course, is the injury 
of their breathing organs owing to the 


constant holding of their breath for 
long periods, and another is the liability 
to attack by ground-shark.s which 
abound in the seas round Ceylon. A 
diver makes as tnany as forty or fifty 
descents in the course of a day. 

Of course, pearls vary greatly in 
size as well as in shaipe and quality 
The largest pearl ever found was about 
the size of a hen's egg, but great 
quantities are found not bigger than 
small shot. These are of little value. 

Pearls are also found in certain 
tresh-water mussels that live in Euro- 

E ean rivers, including the Forth, Tay, 
>oon, and other Scottish rivers. 
Indeed, in the Middle Ages Scotland 
Wcis famous for its pearls, and rather 
more than a century ago as many as 
1 0,000 worth were sent to London in 
the course of three years. But over- 
fishing ruined the industry. Even now, 
however, pearls are often found in 
river molluscs, and as much as £100 
luius been paid for a fine Scottish xiearl. 

TJu; fresh-water pearls are formed 
in just th(i same way a.s those of the 
pearl oyster. A little larva makes its 
way inside the mollusc’s shell, and sets 
up* irritation which causes the mussel 
to coiit the intruder with nacre 


THE STRANGE BUTTRESSES OF THE PADDLE-WOOD TREE 



This photograph shows a very remarkable tree that grows in the forests of Guiana. The lower part of its trunk is surrouiuM by 
buttresses that give the tree a great strength in standing against winds and storms. One might almost think that this tree gave the 
architect his idea for buttresses to the towers of churches and cathedrals. It is really a striking instanee of how man has been 
forestalled by Nature in a clever and useful device. These buttresses are cut down and used by thd natives of Guiana as paddles for 
their canoes> hence the popular name of the tree. The timber of the paddle-wood tree is used for making the rollers of cotton-gins 
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WHY THE PIG HAS A LARGE FLAT SNOUT 


u: 



The pig, whether wild or domesticated, could never be mistaken for any other animal, its long head ends in a wide, flat snout, which 
is Very mobile and has in it the openings of the two nostrils. This snout, although consisting of a fleshy disc, is exceedingly tough, 
and is so constructed that with it the pig can plough up the earth and seek for roots, tubers and fungi, of which it is very fond. In 
order to give the snout digging strength the disc is supported by an additional a)eparate bone at the extremity of the skull. Of course 
in the domesticated state the pig has no need to root about in the earth for food, as it does in the wild state ; but in France pigs are 
trained to hunt for truffles, those much«sought*after edihle fungi which Bxt found growing under the surface of the ground. Contrary 
to the general opinion, the pig when kept as a pet is a perfectly clean animal, and it is also remarkably intelligent. Those who hunt 
the wud ho9x have a very great respect for its strategy when it is chased and trying to save its life. Pigs are easily trained and can 
be made to perform wonderful feats of counting, selecting cards, and so on. The |dg has even been taught to act the part of a dog in 
bird shooting, and is said sometimes to excel the pointer in ** pointing.** . This picture shows an inquisitive boar at a piggery in Ess^ 
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THE MANY-BRANCHED TREE OF PLANT LIFE 



Men of science look upon life as a great tree iwith two main stems, each springing from the same root. One stem is that on which are 
found the various branches of vegetable life. The main divisions are shown here with some of the smaller branches that spring from 
these.. As one travels up the stem one comes to higher forms of plant life like flowering plants that developed later in time than some 
of the lower forms like fungi and seaweeds. Many branches of the great plant stem of the tree of life have perished in the course 
of time and are no longer to be found except among the fossils embedded in the rocks that were formed in far distant ages 
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THE WONDERFUL TREE OF ANIMAL LIFE 



Early in its history, men of science tell us, the great tree of life divided into two main stems and while one branched out into varied 
forms of plant life, the other, as shown here in diagram form, produced many branches of animal life. Far back in time the animals 
were of a simple and lowly form, but as we can see when we look at the picture, ever higher forms of animal life appeared till at last came 
the great branch of the mammals with its crowning development called Man. Whatever way we look at life, there is a kinship between 
ourselves and all other living creatures. The Bible refers to this by describing all life as emanating from the one great Creator 
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«it i.iic i ciac: avtitcuiAAca AVi 


BVbiAvwu ujr wimi a|#|n;«&3 tv uc «ii uasa» iii tiio lusuuAVC witci «uuuu«uii> waiter Knu poim trees. 

They hurry forward, but as they travel the oasis recedes, and they fail to reach it, for it is a mirage, that is, an illusion, not being 
where it is seen The word ** mirage '* is from a Latin verb, meaning **to wonder at.'* Below we see how the mirage is caused 



Here we see what happens when the traveller sees a mirage. The trees really exist, but not where they are seen. They are in some 
more distant place, and the rays of light from them pass through various layers of air which are at different temperatures, those near 
the hot sand being warmest and least dense. The result is that these rays of light are refracted or bent, the trees and other objects 
appearing nearer with inverted images. The rays cross and reach the traveller's eye as shown, and he thinks they have come from the 
direction of the dotted lines and therefore fancies he sees trees and reflections in water. Sometimes these mirages are very vivid indeed 



"ship bent as thstj travel to obsemr ^ 



. Inverted imagfi^ 
appearing in tdeskg ' 



A phenomenon like the mirage is sometunes seen by mariners at sea They observe in the air inverted imaijes of ships. In this case 
the air in contact with the water is colder and denser than that above, and so the rays are bent in a different dfrectioti from those in the 
desert The seaman fancies he sees the inverted ship in the sky. The eye always imagines that betit rays come in a straight linO 
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THE GREAT MYSTERY OF THE MIRAGE 

The mirage is a very curious and mysterious natural phenomenon. It is generally seen in the desert, but 
it can also be seen sometimes in London in such thoroughfares as the Mall, and it can be produced in a 
laboratory by means of a simple apparatus shown in the picture below. As we read on this page, the scene 
that appears in a mirage has always some reality a great distance away 


A mi RAGE is a curious opt ical illusion 
most commonly witnessed in hot 
’ dry desert countries, although 
an appearance very similar to it is also 
noticed from time to tune in the Arctic 
and in mountainous regions. 

The form which the desert mirage 
takes is that shown in the pictures on 
the previous page. Tired and thirsty 
travellers siiddenly see before them at 
no great distance palm trees with what 
api^ars a refreshing sheet of water. 
They hurry forward, but the^ oasis seems 
to recede as they travel. 

The explanation is that tlie sun- 
heated sand warms the layer of air in 
contact with it, so that this is of a 
different density from the air still higher. 
There may indeed be several layers of 
air of different densiti(^s, and the rays 
of light from a distant grove of palm 
trees are bent so as to bring the trees 
in appearance miicli nearer than they 
really are. 

The rays ol light from different parts 
ot the palm trees also cross one anotlu'r 
so that the trees arc .seen in an inverted 
form, which gives the impression of a 
reflection in water. 

Livingstone tells us how when travel- 
ling in the Kalahari Desert he saw the 
mirage of a lake which was 300 miles 


distant from where he was. ’’ Here,” 
he says, ” not a particle of imagination 
was n(^ce.ssary tor realising the exact 
pirlure of large colk‘ctions of water; 
tile waves ilancod cilong above, and the 
shadows of the to'es were vividly re- 
flected beneath the surface in such an 
admirable manner that tlie loose cattk?. 
whose thirst had not been slaketl sulii- 
ciently by the very brackish water of 
Nchoicotsa, with the horses, dogs, and 
even th<‘, Hottentots, ran off towards 
the deceitful pools. 

“ A herd of zebra in the mirage looked 
so exactly like elepliaiits that Oswell 
Ixjgan to’ saddle a horse in order to 
hunt fhem ; but a sort of break in 
the haz<! dispelled the illu.sion." 

It seems amazing that the scenery 
could have b<’en thr^w^n over the ciirva- 
ture of the Earth jfeb* such a great dis- 
tance as 300 rnilesi; ibKl it is interesting 
that the animals rW^gnisi^d the mirage. 

The looming or ;a|f>pearance of shijis 
high up ill the l^'hich is seen from 
time to time in tlfe |Arclic is a form of 
mirage, and Ihe iji&mge seiui occasion- 
ally in the Alps |ia$|bccn descrilx'd by 
LiAloX. P. Ncanilfijf. J 

” Mr. F. S. e and I,” he says, 

"were climbing Finstcraarhorn in 
the Bernese Ol)e||ltl J on May 2. a day 


of ixu’fcct weather and extremely good 
visibility. When on the rock ridge 
within 300 or 400 feet of the summit, 
that is, at an altitude of about 13.800 
feet, we paused to admire the very line 
panorama of mountains all round us. 
We could clearly identify the Black 
Fon'st sonK’ 150 miles to the north, and 
we .saw snow-capped fx'aks in Italy cer- 
tainly 100 miles or mont to the .south. 
All the giants of the Alps, Mont Blanc, 
Weisshorn. Matterhorn, Monte Ros£i, 
etc., although .some wen‘ thirty and 
forty mile.s away, stood out as if across 
the next valley. . . . 

“ Suddenly at 11.55 fbe image 
of a ship appeared in the sky just to 
the east of the Eiger peak, floating in a 
blue shimmer just beyond the visible 
horizon. This la^stini for a minute or 
so. and then vanished. 

“ Very soon after a line of five ships 
appeared farther east, funnels and ma.sts 
clearly distingnishable. This image 
lasted for some fifteen minutes, and 
varied in its (.learnps.s from time to 
time. 1’h(i ships aj)pcar<‘d, of course, 
greatly exaggerated in size, and were 
right w\ay up, not inverted.'* The 
nc'arest sea was the eastern exit of the 
English Channel into the North Sea, a 
distance of some 400 miles. 



This picture thowe how an artificial mirage is produced in a laboratory. A sheet of iron has spread on it a thin layer of sand. 
Ufidemeath are burning jets of gaS) which heat the iron and the sand. At the end of the surface is a vertical white screen which is 
illuminated by electric lamps below. Some models of objects are placed on the sand^covered surface near this screen^ and the observer 
looking along the sand sees what appears to be water with the refiection of the objects in it. 
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A BRroCE FOR SHIPS ACROSS A CONTINENT 



It has been said that the Panama Canal is more a bridge than a canal. By means of great locks, one of which at Mirahores xs shown here* 
the very largest ships ahoat can go up stairs from one ocean to a height 85 feet above sea level, and then descend to the other ocean 
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EARTH PILLARS & HOW THEY ARE FORMED 



The left-hand photograph shows a curious geological formation as an earth pillar. This particular one is in the Jasper National 

Park in Canada, but similar pillars are found in other parts of world, as for example in the Tyrol, where there are many clustered 
together. How these curious pillars are formed is explained bik%' An earth pillar of this kind is quite different from such pillars 
as that shown in the right-hand photograph, which repre»<»ifi| the DeviTs Chimney at Cheltenham, a well-known landmark in 
Gloucestershire. In this case the pillar was formed by the crimpg and weathering of the rock which formed part of a steep cliff. 

The rock has gradually crumbled and fallen till Opil this pillar is left standing on the edge of a precipice 



These pictures give successive stages in the history of earth pillars. Thousands of years ago hard blocks of stone were carried down by 
a river and deposited with other material so that they formed part of a layer of soft rock as in the first picture. Later the river bed 
was raised. Then rain pouring down wore away the softer rock as in the second picture. The blocks of harder rock protected the 
softer material underneath and at last they were left high and dry perched on pillars of the softer rock as in the third picture 



WHY ONE BOAT MOVES AND THE OTHER DOES NOT 



Here is a large boat on a river or sea with an apparatus on board that blows a strong current of air into the sail. But although the sail 
is pu^ed out the boat remains stationary. Why does it not move Hke thS small boat above ? Every actipn has an «qnal ana of^osite . 
reaction The wind blows on the sail with a certain force, and there it a reaction in the opoosite direction of the same force. In the 
upper boat this does not matter, as the reaction acts outside the boat ; but in the ease of ^e lower boat^ the force being on the boat 
itself, the reaction is also on the boat and so the two forces neutralise one another and the boat remains stationary 
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ELEMENTS THAT MAKE UP OUR WORLD 

L ook around you and you can count becomes the smallest possible quantity with 26 electrons and therefore the 
dozens, even hundreds, of things of water still containing atoms of all the atomic number 26 ; and so on up to the 
made from different materials ; elements that make up water it is called elemetit uranium, which because it has 
brick walls, wooden tables, glass win- a molecule. A molecule may consist 92 electrons is given the atomic 
dows, paper books, water in a tumbler, of one or more atoms of diflferent kinds number 92. 

a grass lawn, a tree, coal in the fire, the of elements. The smallest |K)ssible Seven of the elements were known to 
wire in an electric light bulb, the rubber sp)eck or molecule of water still contains the ancients, fifteen more were dis- 
tyres of a bicycle, the ground under two atoms of hydrogen and one atom of covered by alchemists in the Middle 
your feet, the flowers in a garden, the oxygert ; that is, it is still a compound. Ages, while the others have bt'en dis- 
sun overhead and even your body. It Any substance wliosc molecules are covered by chemists of the nineteenth 
has been estimated that there are over composed entirely of atoms of the same and twentieth centuries. It is customary 
a million different materials in the kind is an element. Thus you can keep to give newly-found metallic elements 
world ; yet every one of these materials on dividing a .speck of pure iron until it names ending in turn ; such as chromium, 
consists of one or more elements, of is invisible under the most powerful scxlnini, calcium and magnesium, 
which there are fewer than 100 different microscope and you will still have only Some of the names chosen for ele- 
kinds in existence. one kind of atom ; the atom of the ele- ments tell us the source of the element ; 

The joining together, or combining, of ment iron. As explained in the article er.g. potassium, which was first obtained 

elements forms the innumerable com- beginning on page 1125, atoms of the from potash. Other elements get their 

pounds and combinations which make various chemical elements are them- names from some striking feature ; 

up the countless number of things we selves made up of particles called elec- iodine, which comes from a Greek word 
find in the world. trons, protons and neutrons. It is the meaning violet, the colour of iodine 

Long before man appeared on earth numl)er and arrangements of these when it is turned into a gas or vapour, 

nature had been at work combining particles that makes all the atoms of one Other elements have been named in 
elements to form water, air, soils, plants, particular element the same, just as it honour of the di.scoverer’s nationality, 
ores, and the vast universe of which the makes the atoms of one element When Madame Curie discovered the 
world is a tiny part. Then came Man, different from those of another element, element j>olonium she gave it that name 
and as he progressed from ignorance to In other words, the elements are differ- because she was born in Poland, 
knowledge he learned how to combine ent from each other because the number Chemists usually refer to elements by 

abbreviat ions, p a r - 
ticularly when writing 
abf)ut them a.s com- 
pounds. Water, for 
example, is written 
H2O, because it is a 
compound of two ele- 
ments of hydrogen and 
one of oxygen. 

Some element sym- 
lx)ls are single letters 
of the alphabet, gen- 
erally the first letter ot 
the name of the ele- 
ment. For example 
C is the abbreviation 
for carbon, H for hy- 
drogen, and O for 
oxygen. As there are 
more elements than 
letters of the alpha- 
bet, some elements are 

all the rest are solids. '' re])resented by two- 

All elements arc made up of very and arrangement, of their atomic letter abbreviations ; among these are Cl 
small particles called atoms. Just as a particles are different. for chlorine, Ca for calcium, anrl Cr for 

wall is built up from hundreds of Chemists refer to elements by their chromium. 

individual bricks, so a piece of copper, a atomic numbers and weights. Atomic Very few elements are found in nature 

lump f)f iron, a whiff of oxygen or a weight is the sum of the neutrons and in the free or native, state. Nature 

quantity of bromine consists of count- protons in an element, while the atomic generally combines them with other 
less numbers of atomic particles. More- number is the number of electrons in elements to form compounds, 

over, the atoms of any particular the element's atom. The copper atom. One of the most remarkable things 

element are always quite different from for example, has 29 protons and 35 neu- about compounds of elements is that 

the atoms of any other element ; thus, trons. these added together make 64, the new substance has properties entire- 

an atom of the element iron has its own which is the atomic weight of the copjier ly different from the elements forming it. 

peculiarities and cannot be confused element. The copper atom has 29 elec- Consider, for example, the salt you 

with, for example, the atoms of the trons, so that the atomic nuniber of a sprinkle on your food. It is a com^xjund 

element hydrogen. copper element is 29. of sodium, a dangerous metal which 

It is by combining together different The atomic numbers of elements flares up and bums on contact with 
kinds of dements and their atoms that begin with i for hydrogen, as the atom water, and chlorine, a highly poisonous 
wo get what are called compounds. For of the element hydrogen has only one gas ; yet when combined these elements 
example, water is a compound because electron. Then comes the element fonn harmless table salt, 
it is made up of two atoms of hydrogen helium, the atomic number of which is Without water we could not live ; 
and one atom of oxygen. 2, because it has two electrons ; the ele- nevertheless water is a compound of two 

When a mixture of elements such as ment lithium, atomic number 3, which gases: hydrogen which bums, and 
water is divided and divided until it has three electrons ; the element iron, oxygen which supports combustion. 
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elemcMits himself and 
became a chemist. 
Some of the substances 
pnxiiiced by chemists 
juggling with element^? 
copy natural materials 
Nylon and .synthetic 
rubber, for example, 
do not exist in nature, 
but are made by chem- 
ists combining various 
elements. 

An element may be 
a solid, a licpiid or a 
gas. One of the com- 
monest gas elements 
is oxygen, because it 
forms part of the air 
we breathe. Eleven of 
the elements are gases, 
two (mercury and bro- 
mine) are liquids, and 








ppound 


/ AirWm 


Here are four familiar types of commqin iuk»6tance.i. Graphite or blacklead used in 
pencils is the element carbon. Water k a simple compound made up of the two 
elements oxygen and hydrogen. Butter is a very complex compound, containing 
many elements. And air is a mixtuie 0. the elements oxygen and nitrogen, with 
traces of one or two Other eases. 



THE COMPLETE STORY OF BRITAIN’S OIL FROM 



Nineteenth century industry and transport depended upon coal, and although coal is still the most used fuel as a source of power, oil is now the chief 
fuel for road and sea transport, while increasing numbers of diesel-electric engines are going into service on the railways and much industrial 

^ _ ^ : _ I : " there would be no internal-combustion engine, and without the internal-combustion 

there would lie neither aeroplanes nor motor traffic on the roads. Apart from comparativelv small quantities obtained by the distillation of coal, the 
•oil used in BriUin has to be imported from places u far distant as Arabia, Burma and South America. Like coal, oil was formed deep down m the 
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THE WELL TO THE INTERNAL-COMBUSTION ENGINE 


Ships used jor tmnspurttufi oil arc specially built Jor the purpose, /-Ia an tnl C'^rf>o ts inJUunmahlc, 

(he engines and the crei['*s living quarters are at the stern and are separated hy thick steel bulkheads 
Ucalls) from the rest of the ship. The holds or storage places jor the oil are not like the holds on ordinary 
tnrgo vessels^ but consist oj long lengths of large-diameter piping arranged in banks between the after 
and forward bulkheads. This is to stop the oil moving in a heavy sea ; tf the oil was just poured 
into big holds it would surge from side to side and in rough weather c,apsizc the ship. Arranged along 
the toj) deck are sprays through which water can be poured over the top’; oj the h<d<h in very hot weather, 
I Ins is necessary to prevent tlw heat of the sun jrom miking the dcik plait ng so hot that it would 
explode the oil, Sewtf oj the larger tankers can carry as much as 20,000 tons of oil at a time and 

Kt>‘fini at a sCff’d nf tS knots 

Tankvs 





’’ A n airliner needs about ten tons 
'I of petrol to fly ftom Ijnidon to 
j New York. Each of the 7 , 5 <^^ 
* buses in London u ses an average 
I '»/ so gallons of diesel oil duly. 



Some idea of the enormous quantUies of 
oil used to-day cun be gained from the 
fact that a ship like the Queen Elisabeth 
or the Queen Mary burns 4,000 tons to 
make a single voyaee across the AUantic, 




EXPERIMENTS SHOWING ACTION AND REACTION 


E very action lias a reaction equal 
and opposite to the action. 
We see this clearly in rowing 
The oars push the water backwai-d 
and the reliction piishCvS the boat for- 
ward. We see it also in the kick of 
a rifle. The bullet is shot out in one 
direction and the rifle is shot back 
in the other direction. But in many 
cases we do not see the reaction h'or 



The action ot pushing on the table results in 
a reaction^ sending the chair and the boy 
in the opposite direction 


instance* when we run or jump wo 
press our feet against the earth with 
a jerk, and this pushes our bodies 
up, but it is equally true that our feet 
pu.sh the earth down. 


On this page are some simple 
experiments that illustrate action and 
reaction. When we want to move 
our chair away from the table we push 
our hands against the table, and the 



When the Catherine Wheel is lighted the rush 
of gas and sparks in one direction whirls the 
wheel round in the other direction 


reaction pu.shes the chair back. A 
girl skipping pushes her feet against 
the earth, and the reaction throw.s her 
body up in the air. Let us stand on 
the platform of a weighing machine 
and wait till the hand on the dial is 
still. Now, if we raise our arms 
upward we see the dial hand go round 
farther, for when we raised our arms 
upwai’d the reaction pressed our body 


downward and gave a little extra pusb 
to the platform. 

Go to the horizontal bar and pull 
yourself up by your hands. As you 
pull down on the bar, the reaction 
lifts your body up and the extent to 
which you are rai^ depends upon the 
force with which you pull down. 

Sit in an ordinary garden swing and 
try to swing yourself You move 



This boy cannot swing himself because his 
action foiward has an ^ual reaction in the 
opposite direction 


your body forwaid iind throw your 
legs back. But nothing Jiappons. The 
reason is that your action forward 
results in an equal reaction in the 
other direction, and you remain still. 



In the first picture the boy puUing down on the horizonUl bar causet a reaction that lifts his body upward. In the middle Return the girl jumps UP 
through the reaction of pressing her feet down on the earth. In the third picture the boy on the weighing machine presses the plptlorm down sUli 

farther by reaction when be lifts his arm upward 







romance oF British History 



THE GREATEST TRIAL IN ENGLISH HISTORY 

Warren Hastings was one of the greatest of out f!mpire builders, but like many others who have enriched the 
nation at home he was shamefully treated when his great work in India was completed, and on returning he 
was deprived of those rewards and honours which should undoubtedly have been his. Here is his life-story 


T hk British i>eople have never been 
conspicuous for gratitude to 
their great men Warriors, 
successful and unsuccessful, have genei* 
ally received more than their fair share 
of reward and honours, but in c^her 
sjilieres, such as invention and explora- 
tion and empire building the rewards 
liave been meagre or absent altogether 
In some cases base ingratitude has 
been the <udy recompense that a great 
man has received 

'rhero is no more notable case ol 
this than that of Warren Hastings, 
the first Governor-General ot India 
If Clive won the Indian Empire lor 
Great Britain, it was Hastings who 
consolidat(‘d it aiul put its govern incut 
on a firm and solid basis, ^'ct after 
many years of arduous toil, when he 
returned home he leeeived •the basest 
abuse, was Ireciclierously left to his 
eiienuos by the rulers of Hie country — 
including the younger Pitt, wlio is 
said to have been jealous of him — and 
was put on his trial for “ high crimes 
and niisdemeanours.” The trial lasted 
many years, almost ruined Hastings, 
and though he was acquitted, was 
still dopinved of those hon<nirs and 
lewards which slioiild undouViiedly 
have b ‘cn conferred upion him by th<' 
Engl ish ( r( ivernmei it 

An Unpromising Childhood 

Warren Hastings had a not very 
promising < hihihexxi, nor ('an it have 
been very happiy. He was the son of 
a rather iinjirovidcnt clergyman who 
had married at the age of fifteen, and 
a few days eifter Warren was born on 
December 6th, 1732, at Churchill, in 
Oxfordshire, his mother died, and his 
lather left the village and went out 
into the world to seek a fortune which 
he never found. He rlied in the West 
Inf lies, without ever seeing his son again. 

Young Warren remained at Churchill 
in the care of his grandfather till he 
was eight. He went to tlui village 
schoed where he sat on the same forms 
as the children of the peasantry He 
lived at the rectory witliin sight of the- 
Daylesford estate, whicli had formerly 
belonged to his family. He was toUl 
stories of the wealth and greatness of 
his ancestors, and, lying one day on 
the bank of a brook which flows into 
the Isis, he made a great rc.solvc, 
child though he was He determined 
to buy back Daylesford. 

There certainly seemed little chance 
in those early days that the small 
orphan with the strange ambition 
would ever achieve his purpose. 


When he was eight lii> lather s eldei 
lirotlier, Howard Hastings, who was a 
customs* clerk m London, took charge 
of his education, and sent him to school 
at Newington, in South Loiuion, where 
he was well taught but ill fed. He grew 
up to be a short m-m, and he alw'ays 
attributed the smallness of his stature 
to tlie hard and scanty fare at this 
sch(3ol. 

After two ytjars he was sent to West- 
minster School, where he distmguislied 
himself, formed a frieiidshiji with the 
poet, (owper, and iia<l every prospect 
of becoming a notable classical scholar 
But his uncle Howard died, and the 



Warren Hastings as a young man in India. 
From the painting by T. Kettle in the 
National Portrait Gallery 


imfortiinate boy cime under tiie guar- 
dianshij) of a distant relative wliosi* 
sole idea of Ihs respon.sibility was to 
get nd of young Warrcti as quickly as 
Tiossible. He ( lei Cr mined to take tlu‘ 
boy away from the school and senrl 
him off to India as a writer or clerk 
in the service ot the East India 
( oiTipany. 

The headmaster of We.stminster 
School remonstrated strongly, declaring 
that Warren Heustings was likely to 
become one of the first scholars of the 
age, and he even offered himstdf to 
pay for the boy to go up to Oxford 
University. 

But the guardian was adamant, and 
so Warren Hastings, after spending 
a few months at a commercial school 
in the study of arithmetic and book- 
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keejiing, was shii>})(*d oft to India in 
January, 1750, when lie held just 
enren‘il his eiglitivulh year 

Tlie voy.ige took long in those days, 
and it was not till October that ht‘ 
landed at Calcutta, and W'as at once 
placed at a desk with a big ledgei 
before him It was ciisttimary for a 
writer to serve five years in that capa- 
city, and then to liecomi' a factor witli 
higher pay 'flie wages were shamefully 
low', but the East Indi.i Company 
expiceted its oiticials to add to tlieii 
incomes by making pi oft ts by privati* 
trading 

After three years at Calcutta, Hast- 
ings was sent to the factory at Kasim- 
bazar, and did his work so well that 
after tw’O years moie he was proinoteii 
to a seat on the council of the factory. 

Closi; by was Murshid.il lad, IhiJ head- 
quarters of the Nawab who ruled thri'e 
great jnovinees, and while Hastings 
was at Kasimbazar, Suraj.i DowJali 
beiaime ruler, declared war on the 
English, and capitured and plundered 
evi'iy Bntisli factory m Bengal 

A Helping Hand from Clive 

Kasjmha/ar w'u..s .seized and Warren 
Hastings was sent a pirisoiier to 
Murslndabad. Owing to the inter- 
vention of some Dutch traders, he was 
treated well, and allowed a certain 
amount ot trecflom. d'heai came lhi‘ 
tragedy ot tlu' Idack Hole with th(‘ 
capiture of C.ileutta. 

'Phe English, who had taken refuge 
on a barren island in the mouth of tlie 
Hoogly river, wanted to learn some- 
thing about the pnjceedings of the 
Nawab. and Hastings, after gaining 
much valuable information, fled to 
iMild.'i, and then when (dive a])j>eared 
in the Hoogly will) an army from 
Madras, he joined the force, 

(.'live soon jierceived his value, and 
after the battle of Plassey, when Meer 
Jaffir W'as j^roclaimtcl Naw'ab in pilace 
of Suraja D<nvlah, who had been 
assassinated, Hastings was sent to the 
Nawab’s Court as agent for the East 
India Company. 

For three stirring years Hasting.s 
remained at Muisliidabad, and in 1761, 
after Clive’s return homo, he was 
promoted to a s(?at on the Calcutta 
t'oiuicil. 

Private trading on the part ol the 
Company's officials wtis now carried 
on to a disgraceful extent, and it 
develop 5 ed into what was little better 
than roblx*ry of the native .states 
committed rhost discreditably under 
the protection of the British flag. 
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Hastin^vS felt the shame that these 
transactions brouf?ht upon the fair 
fame of England, and when he was 
sent by t he Governor to sec what could 
be done in the way of reform, he sug- 
gested that the trade should be 
regulated in such a way that while the 
Nawab and his subjects wen* pro 
tecbici from injustice, the East India 
Company should not suffer. 

The "Governor agreed, but the 
majority t>f the Council at Calcutta, 
which had the power to outvote the 
Governor, ndusod to sanction the 
arrangement. It was not a pleasant 
position for Hastings, for, while he 
was abused by lus colleagues on the 
('fuincil for partiality to the Nawab, 
he was denounced by the Nawab as a 
traitor 


and wa.s stationed at Murshidabad, 
was resix^nsible only to his British 
masters. The English, though simrenie, 
had not assumed the style of 
sovereignty. It was an un.satisfactory 
arrangement, and Ha.stings determined 
that it must be altered. 

With the approval of the Directors 
the office of native administrator was 
abolished, and the administration of the 
three provinces of Bengal, Oris.sa and 
Bihar was transferred to the servants 
of the East India Company. A new 
sy.stcm of civil and criminal justice 
under English superintendence was set 
up, and tiuis the East India Company 
became in name as well as in fact the 
sovereign aulhorit y . 

Of course, the only test of success 
which the Directors in London con- 


formed part of the charges of misrule 
brought against Warren Ha.sting8, bnt 
it is difficult to know what else 
Hastings could have done. 

The old double system of government, 
in which the native rulers were allowed 
to oppress the people so long as revenues 
were producocl for the Company, could 
never have been continuea, and with 
the English extending their territory 
and power it was obvious that they 
must take more responsibility. 

During this transition stage, too, 
Warren Hjuslings was much condemned 
for having lent an English force to the 
Nawab of Oiidh, in return for a pay- 
ment of about half a million sterling. 
The arniy was rerpiired for the conquest 
of the Kohillas, who ruled the fertile 
valUw of Rohilcund. Of course*,, such 


" Ol ilw conduct ol Hastings at this 
Inno." says Macaulay, '* litlh; is 
known : but the little that i.s 
known, and the circumstance that 
little is known, must be considered 
as iionourable to him. He could 
not protect the natives; all that 
he could do was to abstain from 
plundering and oppressing them, 
and this he appears to have done. 

It is cerlmn tWt at this time he 
continued poor ; and it is equally 
certain that by cruelty and dis- 
honCvSt^' he might easily have be- 
come rich." 

High Testimony 

'J'his j.s high testimony, and it ks 
doubtful if it could be spoken of 
any other Indian official at that 
period except Warren Hastings. 

When, in 176-1, Hastings re- 
turned to England, he had only a 
.small fortune, and this soon dis- 
appeared through his generosity 
to relatives. He remained at 
home for four years, and was then 
appointed bv the Directors of the 
East India Company a Member of 
C'ouncil at Madras. 

He went out and found the 
affairs of the Cx>mpany in a stat<! 
of chaos. Within a few months 
he had n'stored order, increa.sed 


sidcrecl was that of money. If the a proceeding would not l>e considered 

correct in these days, but things 



were different a century and a 
half ago. At any rate, even those 
who, like lx)rd Macaulay, condemn 
Hastings, agree that in less than 
two years alter he assumed the 
government he had. without im- 
posing any additional biird«*ns on 
the people, added alwut £^‘^0,000 
to the annual income of the 
Company, beside effecting large 
f'cononiic.s in administration. 

<0 

Fettering the Governor 

Just at this time the English 
Parliament began to conc(‘rn it.self 
with Indian affairs, and passed an 
Act declaring that the governor of 
Bengal should be* styled the 
Governor-General of India, and 
should exercise control over the 
rest of the Company’s posse.^sions 
in the peninsula. 

He was to be assisted by lour 
councillors, who were named in the 
Act. But though he had a vote 
and a casting vote in case of a tie, 
he could be out- voted and his 
whole px)Ucy brought t<j naught 
if three of the councillors happened 
to vote against him. It was a 
ridiculous sy.Htcm, and led to end- 
less trouble in the next few years. 


the dividends tiiat could be sent A Supreme Court of Judicature, 

home, and did so well that the The captive Rajah escaped in the tumult and let with a Chief Justice and throe 
Directors in London expresst‘d hiimelf down the steep banks of the Ganges other judges, was also established 

their appreciation and promoted at Calcutta, and made indepen- 

hiin to be head of the government ol officials m India sent home plenty of dent of the Governor General ancf his 
Bengal. cash to provide dividends, then all council. 

It was now that Warren Hastings was well. This put Hastings in a great One ot the couiKillors who was 

began the great work of his life. The difficulty. Good government cannot appointed to act with Hastings was 
English had made themselve.s masters of be carried on for nothing, and if justice Philip I^Vancis (afterwards Sir Fliilip), 
a large part of India, but they still is to be admin istere<l to all, then the who appears from the first to have 

pretended to hold their lands a.s vassals people cannot be unduly squeezed been a bitter enemy of Hastings, and 

(d the throne of Delhi, and in all the so as to produce more and ever more did all he could to oppose him. Two 

revenues they raised they professed to taxes, other councillors. General Clavering 

l>e tax collectors appointed^ by the Hastings found himself with an and Mr. Monson, who had gone oat 
Mogul ruler. In public documents the empty treasury, and an unpaid army, in the same ship as Francis, seem to 
name of the Nawab of Bengal was used, and even his own salary was often m have been completely under the in- 

and yet in the government of the coun- anears. Yet there was an insistent fluence of Francis, and always joined 

try, as has been truly said, he had less demand from London to remit more and him in voting against the Governor; 
real share than the youngest writer more money. who had omy one councillor, Mr. 

or cadet in the Company's sr^rvice. He reduced the allowance of the Barwell, on his side. The result was 

Tl»e whole administration, except as Nawab of Bengal by a half, and that over and over again the coun- 

regards military ^matters, was left to stopped the tribute which the Cotimany cillors negatived the Governor's wishes, 
the natives, and the native adiuinis- had bound itself to pay to the Great and prevented him from carrying out 
trator who had charge of these matters, Mogul at Delhi. These acts afterwards his financial and other reforms. 
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For example, when Hastings wanted 
to make special laws dealing with gang 
rol^bery, a very common form of crime 
m India, liis council objected to tht* 
punishment of those who harboured the 
criminals^ and so nothing could be done. 

It was a humiliating position for a 
Oovemor-General, and the natives 
soon found it out. They regarded 
Warren Hastings as a fallen man, and 
began to come forward with all sorts of 
charges against him in order to please 
Francis and his friends, who treiicher- 
ously listened to tlic native slanderers 
and treated them with consideration. 

Dastardly Councillors 

Among the accusers of the Governor- 
Oeneral was a native adininistiator 
named Nunconiar, wlio had been dis- 
missed by Hastings, Believing that 
Hastings’ doys were numbered, Nim- 
comar made serious charges against 
him, which Francis and his friends 
decided should be inquirc^l into with 
great ceremony. 

Hastings declared tlie sitting of the 
council at which tlie inepury began at an 
end, and left the room with Barwell, but 
the other members kept their seats, 
declaring that they formed the council, 
and then questioned Nunconiar, who 
brought charges of bribery against 
Warren Hastings, using forged docu- 
ments to support his charge 

It was a dastardly thing for these 
members of the council to take sides 
witli an enemy against their Governor- 
(ieneral, but Hastings was not the 
man to remain idle. Just as the 
triumph of Nuncomar seemed complete 
aiul he began to hold daily levees to 
which not only his countrymen but 
Francis and General Clavering also 
went, Nuncomar was suddenly arrested 
by order of Hastings on a charge of 
felony, and committed with all speed 
to the common gaol 


Calcutta was staggered at the news. 
The native.s could not undcr.stand that 
there could be any authority inde- 
pendent of the council which liad 
successfully opposed the Governor- 
General. Both they and Nuncomar 
had a shock, therefore, when the 
accused was indicted before tlie 
Supreme Court presided over by the 
Chief Justice. 

The xilajority on the council opposed 
to Warren Ha.slings now acted more 
outrageously than ever, and heaped 
honours and rewards on the family of 
Nuncomar, When the trial came on, 
however, and he was charged willi 
forgery, he was found guilty and 
sentenced to death. The sentence was 
carried out, and the contempt which 
the natives had long been showing for 
tlie CTOvernor-(iencral soon dis* 
a])pearefl . 

It is impossible in a few pages to go 
into the whole story of Hastings' career 
as Governor-General . Monson died, 
and then with Clavering and Francis 
voting on one side and Harwell and 
Hastings on tho other, the casting vote 
of the Governor- Genera I could be 
brought into use and gave Hastings 
for tlu' first tinu' a maiority, which he* 
was not slow to lake acivantage of. He 
carried out financial rt'^orms, planned 
scheme.s of conquest which lie lived 
to set' realised, ailtd arranged for 
alliances with variotttihiative princes. 

An Unfores 0 ei|; llesignation 

Things were at going well with 
him when he recoilN^ a grtsat .shock. 
News came that hisjl^Kiiation had been 
accepted, that a n#f ,povcnior- General 
named Wheeler \^|oti his way out 
from England, meanwhile the 

supreme office |;o be filled by 
General Clavering,! | 

What could it; a|l |ftean ? Well, it 
ap]>ears that aj* friend and sub- 


ordinate of Hastings, Colonel Maclcane, 
had returned to England, he had taken 
with him a resignation written out by 
Ills chief to bo u.sed only in ca,sc of great 
emergency. Macleane, finding that 
Ha.stings had enemies in England, had 
for some rea.son or other got the idea 
that liis employer was to be dismissed 
and censured by Parliament. He there- 
fore handed in the resignation, a docu- 
ment about th(‘ term.s of which there 
seems to be some doubt, and which 
Hastings appt^ars almo.st to have for- 
gotten 

Bold Measures Successful 

This was certainly bad news for 
Ha.stmgs, and the whole incideni 
sf'cms to have been due to a misunder- 
standing. He declared that he had 
never given instructions which could 
warrant the steps which liad been 
taken in England, and as his resigna- 
tion was invalid all the subsequent 
proceedings were therefore null and 
V'oid. Ho was still Governor-General, 
he declared, and had every intention of 
acting as such. 

l^ut Clavenng deoidi'd to sciiie the 
supreme power. The general sent for 
the k(y.s of the fort and treasury, took 
possession of the n'tords and sum- 
moned a council at which Francis 
attended. Hastings h<*ld a council in 
another apartment wilii Harwell. Both 
parties, in the circumstances, had a good 
deal of right on thenr side, and the 
que.stion was, who was to settle wiiich 
council was the real one and to be 
obeyed ? 

Hastings very cleverly offered to 
submit the ca.se to the Supreme CkDurt, 
and to abide by its decision. Clavering 
and Francis had no alternative but to 
agree, and th(' court, which was favour- 
ably disposed towards Hastings, gave 
its uncompromising decision that he 
was still Governor-General. 



The opetfing of the trial Of Warren Hastings in Westminster Hill in iT3S. Hastings is marked with a white cross 
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When WhrelcT arrived in ln<ha, 
supposing himself to be Governor* 
(>eiu.Tal, h<* found that he uoulcl ha ve- 
to be content with a subordinate seat 
at tile touneil board 

rrouliJe now broke out in the south 
of India, and had it not be(’n for 
Hastings it is a <pieslion whetlier India 
might not have Ix-en lost to lintain 
Hyder Ah, the ruler of Mysore, was a 
great ]>owei, and tlie most formidable 
enemy tiu* English have ever had to 
(‘iieountei m India 

Hastings would undoubtedly Iiave 
made a friend of him, or if that was 
impossible, have vigorously opjiosed 
him 'Hie ICnglish m Madras, however, 
(lid neither the one nor tlie otluu' 
They roused his hostility, and took no 
propiT steps to meet the army of 
00,000 men which he led into the jilaius 
ot the Carnatic. This army had a 
hundred cannon, and was led by 
E’rench ofiicers Everywhere hBI 


Later he was greatly condemned 
because he took from the mother and 
grandmother ot the Nawab of Oudh a 
large sum ol money which they had 
wrongly appropriated. Quite contrary 
to their Moslem law they had coiiv'crted 
a large part of the treasure left by the 
late Nawab to their own use. vVith 
the approval and assi.stance of the 
existing Nawab, Hastiiig.s made the 
Begums, as the princcs.ses were called, 
disgorge a great part of this treasure. 
Afterwards the enemies of the Governor 
General invented all sorts ot stories 
telling how the treasure had been 
extracied from the princesses by 
improper means, exaggerating the 
ainoimt obtained, and pretending that 
these avaricious w'omen were martyrs. 
They certainly had no legal right, 
according to their native law, to the 
land aiKi money which tlu'y had held 


the enemies of luigland, Hastings made 
further demands upon the Rajah, 
Cheyte Sing, and then went to Benares 
to interview him. 

He met the Rajah, who received him 
with great reverence, but made excuses 
tor not paying. Hastings determined 
It) take .strtmg measures, and ordered 
his sepoys to aiTe.st the Rajah. 

When the news l>ecaiT»e knowai in 
the city a vast crowd gathered in the 
.stretds arouiul the palace, and soon a 
fight began, which ended in a massacre 
oi the small British force. 

The captive Rajah escaped in tht' 
tumult, and let himself down the 
.steep bank of the Ciauges by means of a 
rope made of the turbans ot his 
attendants. A boat was in waiting, 
and in this lie e.scaped to the op|X)site 
shore. 

Hastings witli fifty men was still in 
the palace, and when the Rajah 
from the other side of the riv^r 


Hyder Ah was succes.sful, and 
fort after fort fell into his hands 

A hostile French expedition 
was exjiected from Europe, and 
Fvngland, now engaged in war cit 
home, conki do nothing to help 
her di.stant dependencies 

Genius and Courage 

“ Then it was/’ says Mac- 
aulay, that the fertile genius 
and serene courage of Hastings 
a c h i e V e d the most signal 
triumph. A swuft ship flying 
before the south-west inonsfX)n 
brought the evil tiding.s in a few 
days to Calcutta. In twenty- 
four hours the Governor-CTcneral 
had Iranic'd a complete plan of 
policy adapted to the altered 
state of atfairs. The struggle 
with Hy<k‘r was a struggle foi 
life and death. All minor ob 
jects must be sacrihci-d to the 
j)re.servation of the Carnatic. 
The disputes with the Mahrattas 
must DO accommodated. A 
large military force and a supply 
of money must be instantly sent 
to Madras, But even these 
measures would b<* iusurficieut 
uide.ss the war, hitherto so 



sent apologies and otters ol 
money, his messages were not 
even acknowledged. 

Hastings was not only a brave 
man, but fertile in resource. 
Many natives of India wear large 
goklt*n earrings, and when they 
travel they lay these aside for 
I ear of robber)’, and irisiTt a 
small roll ot paper in the pierced 
part of the ear. Hastings wrote 
notes to th(‘ commanders ot 
the English troo])s at various 
stations, rolled them up and 
[)lac('d them in the ears ol his 
rncsseiieers. 

Routing the Rajah 

Meanwhile, the Rajah, Imd- 
mg himself with a large* arm) 
and the Governor-General ap 
parent I V at his mercy, became 
Ihreatcning, but the messengers 
of Hastings got through, and 
\(*rv soon a brave and skilful 
soldier, Major Popharn, came to 
his re.scuc and the army of the 
Rajah was put to rout. He fie «1 
from his country, never to re- 
turn, and Benares was added to 
the British Dominions. 

.Meanwhile, I'rancis, wdio had 


grossly mismanaged, was placed 
under the direction of a vigorous mind 
It was no time for trifling Hastings 
determined to resort to an extreme 


It was unfortunate, liowever, that 
the thn»e hostile members of hi.s 
council, out-voting Ha.stings merely 


been vvounded in a duel with 
Hastings, had gone home to England, 
and there spent his time in blackening 
the charai ttT of his former chief, and 


exercise of power, to su.spend the in 
capable governor of Fort St. George, to 
send Sir ICyre Coote to oppose Hytier, 
and to intrust that distinguished general 


because they wanted to baulk him, 
had a long time before guaranteed tlic 
property to the princesses, despite tin* 
fact that Hastings from the beginning 


making base insinuations against his 
integrity. It was like Francis, who 
could never be loyal to anyone. He is 
believed to be the author ol the Letters 


with the whole administration of the 
war." 

This plan proved successful, the 
progress of H)’der was arrested, and a 
great victory retrieved the honour ol 
English arms. 

Hastings had .stupendous difficulties 
to encounter He must find the money 
for canyiug on the government oi 
Bengal, and at the same time he must 
finance the costly war in the Carnatic, 
and further send the usual remittances 
to England. But, nevertheless he was 
equal to all this. 


had opposed such a guarantee. 

When the Govemor-Gcnoral, in order 
to resist the k'rench in India, demanded 
large sums from the Rajah of Benares, 
that ruler attempted to bribe Hastings 
with ^20,000 in order to obtain .some 
indulgence. Hasting.s took the money, 
handed it over to the Company's 
treasury, and then insisted that the 
Rajah should comply with the demands 
of the English Government. 

The Rajah was fined for delay and at 
last he paid the money. Owing to the 
need of an iiicreasecl army to resist 


of Junius, which created such a sensa 
tion when they attacked the govern- 
ment of the day, including some men 
who liad IxTriencled Francis. 

Hastings remained at the head ot 
the Government of Bengal till 1785, 
and then, having brought peace to the 
country and rai.sed the pre.stige of 
England to a height which it had never 
reached liefore, he returned home, 
leaving behind a reputation such as no 
white man had ever won in the East. 

Even half a century after he left 
the mitives of India spoke of him as the 
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greatest of the English, and nurses 
sang children to sleej) with a rhyme 
al>out the fleet horses and richly capari- 
soned elephants of “ Sahib Warren 
Hostein." He was certainly popular 
with the mass of the people, whose in 
forests he had done so much to uphold. 

When he finally left, all kinds of 
people, European and native alike, 
luicd the quays, and ho was presented 
with many addresses which eulogised 
his work. 

After four months' voyage Hastings 
landed at Plymouth in June. 1785, 
and went to I^indon, where he was 
received with distinction by the King 
and yueen and thanked by the 
Directors of the East India Company. 
It looked as though he would receive a 
peerage and live the rest of his life as 
an honoured English statesman. His 
ability certainly would have been ol 
untold value to the Government . 

But it is said that William Pitt was 


to the bar of the I^rds, the verdict was 
given. 

Many of the peers who had sat at the 
opening of the trial were now dead, and 
only 2<) peers voted, of whom 23 found 
Hcistings “ Not Guilty." He was called 
to the bar and informed that the lords 
had acquitted him, and was solemnly 
discharged. After bowing respectfully 
he retireu. Hastings himself declared 
that the arraignment had taken place 
heffire one generation and the judgment 
was pronounced by another. 

Hut the trial had almost ruined 
Hastings. It had (‘ost him £yo,ooo to 
defend himself, and he was left as he 
himself declared with no means of 
subsi.stence. His friends rallied round 
him, and the East India Company came 
generously to his ^mistance. They 
proposed to pay the costs of the trial, 
and to grant him an annul of ;^5,ooo. 
Hut the Board of C ontrol, at the head 
of which was a man named Dundas, 


jealous of him, and when Edmund 
Burke ami others, prompted and 
urged on by Philip hVancis, the old 
enemy of theG<)vernor-Cicneral, gave 
notice in the House of C^omnious of a 
motion to impeach Hastings, Pitt 
stood a.sidc instead of supporting 
him. 

'rile opjK)sition to Hastings grew, 
all kinds of discreditable motives 
and actions were attributed to him 
during his rule in India, and at last 
th(‘ gnsit (Vovernor-General was ini 
peaclicd .uid brought to trial before 
the House of T/mls. It is the greatest 
trial in luiglish hislory. 

The Seven Years’ Trial 

It opened on February 13th, 1788. 
in Westiiimster Hall, amid military 
and civil pomp. The thoroughfares 
leading to the Hall were kept clear 
by cavalry, and grenadie^rs lined the 
'streets. The peers, robed in gold and 
ermine, were marshalled by heralds, 
and the judges in their state rob<‘s 
w'tTC present to give advice on 
points of law. Nearly 170 lords 


wlio had himself been a party to the 



marched from the House of Peers 


was buried in the chancel of Daylesford 
Church. He had achieved the ambition 
of his childhood and bought back ami 
improved the Daylesford estate, which 
had belonged to his ancestors. 

Perh€aj>s the proudest moments of 
his life were on two afternoons, one in 
March and one in April, 1813. On the 
afternoon of March 30th he was ex 
amined m the House of Cx.^mimons as 
a witness in connection with the renewal 
of the charter of the East India Com- 
pany, anti as he entered he was received 
with acclamation by the Members, 
and, after giving his evitlence, a.s he 
retired the Memlicrs rose and uncovered 
their heads. 

A few days later, on April 5th, he 
attended the committee of the Lords, 
and while being examined wasallowet! 
a chair, a most unusual concession. 
Then, when he left, all the Lords rose* 
as the Commons had done and removed 
their hats. These two expressioii-s ol 
rcspiect were such as Iiad never before 
betm accorded to any subject. 

Warren Hastings was a great 
F'nglishrniin and a great Empire 
builder. We largely owe our 
supremacy and our success in ruling 
th(‘ iriillions of the Indian peninsula 
for a century and a half to this able 
and disinterested man. 

F'ven Lord Macaulay, who adopts 
many of the false or exaggerated 
charges ot the enemies of Hastings, 
had to acknowledge his ability ami 
success. 

High Testimony 

“ His internal administration, 
with all its blemisJies," says Mac- 
aulay, "gives him a title to be con- 
sidered as one of the most remark- 
able men in our history. He dis- 
solved the double government, he 
transferred the direction of affairs 
to F.nglish hands. Out ol a fright- 
ful anarchy he educed at least a 
rude and imperfect order. The just 
fame of Hastings rises still higher 
when we reflect that he was not bred 
a statesman ; that ht‘ was sent from 


in .solemn proccs.sion to the hall of 
trial, where the galleries were crowdeil 
with a di.slinguislied audience, which 
included the Queen, the Princesses, the 
Ambassadors of the great European 
Powers, and indeed all the most dis- 
tinguished people of the day. 

Macaulay tells us that when Hastings 
advanced to the bar and lx;nt his knee 
he looked like a great man and not like 
a bad man. He was small and 
emaciated, but he conducted himself 
with <iignity. 

At this trial the greatest orators of 
the day, Burke and Sheridan and F'ox, 
made long speeches, and it is said that 
on some days as much as liity guineas 
was paid for a single ticket to get into 
the hall, which was crowded to 
suffocation. 

With many adjournments, the trial 
went on year after year, until at last, 
in the spring of 1795, nearly eight years 
after Hastings hacl Ixsen brought by 
the Serjeant-at-arms of the Commons 


impeachment, refused to give its con 
sent to what, after all, was only just. 

A long dispute arose and meanwhile 
poor Hastings was in such distress that 
he could hardly pay his weekly bills. 
At last it was arranged to settle an 
annuity of 1^,000 on him, and so that 
he might meet his debts he was to be 
given ten years' annuity in advance, 
I'lie Company was also allowed to 
lend him ^^50,000, which was to Ik‘ 
repaid free oi interest. 

It was a miserable coin3>ejisation to 
an abominably treated statesman, of 
which the Government and Parliament 
ot the day should ixTtaiuly have been 
ashamed. Hastings himself had always 
been a most generous giver to others, 
and now at any rate he could end his 
days in peace. But he never, received 
the pcerjige which was his due, and the 
only honour conferred upon him was 
that he was made a Privy Councillor. 

At last, on August 22nd, 1818, in 
his 86th year, he died peacefully and 


school to a i,ounting-house, and that 
he was employed during the prime of 
his niiuihood as a commercial agent far 
from all intellectual society. No com- 
plication of perils and embarrassments 
could perplex him. For cver>^ difficulty 
he had a contrivance ready, and what- 
ever may be thought of the justice and 
humanity of some of his contrivance.s, 
it IS certain that they seldom failed to 
serve the purpose for which they were 
designed." 

Macaulay concludes with the words ; 
" Wc cannot regard without admiration 
the amplitude and fertility of his in- 
tellect, nis rare talenLs for command, 
for administration, and for controversy, 
his dauntless courage, his honourable 
poverty, his fervent zeal f<^r the interests 
of the State, his noble equanimity, tried 
by both extremes of fortune, and never 
disturbed by cither." 

This is high testimony from one who 
was certainly no friend of the Governor- 
General. 
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THE OWL, RING AND DUMB-BELL NEBULAE 



In addition to the nebulie which are of spiral form like those shown on page 1x51, and the great irregular nebuln like those shown 
on pages 198 and 984^ there are others which are named from the curious shapes they have assumed. Some of these are shown on 
this page. The left-hand photograph here is of a nebula in the Constellation of the Great Bear, and is known as the Owl Nebula, because 
it has the appearance of an owl face. The photograph on the right is known as the Annular or Ring Nebula in the Lyre Constellation 






if 



This photograph shows a nebula known from its shape as a Dumb-bell aebi^a. There are several such to be seen in different parts 
of the heavens, ^the ** handle ** joining the two ends of the dumb-bell being v^ faint in some cases. This photograph was talm at 
‘ ‘ 1 Califoriua, ^ 


the Lick Obeervatory in < 


» and the two photographs above are given by courtesy of the Royal Astronomical Society 
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Wonders of the Sky 


MILLIONS OF UNIVERSES IN THE MAKING 

Ever since man began to make discoveries in the heavens, he has been more and more amazed at what he 
has found there. But no discoveries have been so astonishing as those of recent years in connection with the 
nebulse, which, as we read here, prove to be vast universes like that of our Milky Way system, but at 

incredible distances away in Space 


T he giant telescf)pes that are now 
at the disposal of the astronomers 
have revealed a' out two million 
nCbuiap in lh(^ heavens. These objects 
are so distant as to be invisible to th(; 
human eye, even when aided by a 
powerful telescope, and it is only when 
photography is brought into co- 
operation with the telescope, and a 
long ext^osure given, that wo can gel 
a record c>f the nebulaj. 

As we read on pages 197 to 200 the 
nebula? are really other universes like 
our Milky Way or Galactic system, 
either made or m the course of making. 
The marvel is that by studying the 
photographs of these nebulae, which in 
size, and brightness are very 

Veined, we can se(‘ a universe in the 
making at almost every stage of its 
remarkable history^ 


Dr. Hubble, of the Carnegie Institu- 
tion Observatory at Mount Wilson, 
has arranged the photographs of the 
various kinds of nebulae in a sequence 
from whicli it is possible to see the 
gradual development of a universe 
from a vast mass of glowing gas to an 
ordered system ot cart-wheel form like 
our own Milky Way, 

A series of these photographs, taken 
with the aid of the great loo-inch 
telescojK? at Mount Wilson Obs«^rvatorv, 
is given on page 1152 by courtesy of the 
Carnegie Institution of Washington, 
and in this scries the making of a 
universe can be clearly followed and 
understood. 

A universe such as our own starts 
cLs a vast mass of gas of almost in- 
credible size which, by the pull of 
gravitation among its various parts. 


assumes a globular sha|x;. It is set in 
motion and as its matter condenses it 
shrinks and tluj speed of its motion 
increa.s(‘s 

I'his caust‘s the vast globe ot glowing 
gas to flatten just as our Earth flat- 
tened at the poles owing to its rotation 
when in the fluid state. The faster the 
sjieed of a rotating body the greater i.s 
tlie flattening, and that is why the 
planet Jupiter, which rotates faster 
than our Eartli, is more flattened. 

The story of the formation ol a uni- 
verse from a mass of glowing ga.s and 
its successive stag(‘s luis been worked 
out theoretically by the ilistinguished 
English astronomer Sir James Jeans 
with the aid of mathematics. Hi*' 
results correspond with amazing dost* 
ness to the actual forms of nebulsB 
that have been photographed. 



Thwe »re two tpiral nebula aen in the coiatellotion of the Great Bear, mt on the left i, one of the mMt beautift^ star atiM 
out in Space and was the first nebula that was seen to be rotating. Its light takes t,dM,ooo yew to reach us. In the outer regions 
of tbit are countless swarms ol stars like those in our Milky Way, In the photogr^h on the nght we w ctearty the arm? 

being thrown out all round ai the nebula rotates with something of the appearance of a Catherine wheel 
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WONDERS OF THE SKY 


The round, luz/s in.iss oj ^l()win ^4 
^'cJb f^radiiallv In'ronios Hattencd inoro 
and more, till at last it assumes fh(‘ 
sha|H* c»f a flat rart-ulieel with a hub 
round whicli tla* rest rotates 

Sii Jani<‘s Jisansflesi ribes (lie v^arioiis 
sta^jfcs ot claiULje. 

At first/’ he says, ” the spimiiii;^ 
mass sirnjilv llattens and assumes the 
slia])e of an oranj^e Aftei a tmu‘ a 
luwv feature appears — a pKuiouiieed 
bulcje all round its e(|uator Finally 
this becomes s(> marked tiuit the 
(‘(luatiu i‘-' merely a sharp edj^e ; the 
rotating mass has assumed the shape* 
of a <lonble (on\'(*x lens 

Changing Shape 

■ 'i his (.onfigur.iliou forms a note 
worthy landmark in the evolutionary 
[Kith of a nebula. Until it is reached 
the (‘ffect of the shrinkage can be 
adjusted, and us adjusted by a m(‘re 
I hangi* of shape — in spite of its reduced 
s»ze th<' rotating mass carries the same 
angular momentum as before by th(‘ 
simple expedient ot rotating more 
ripidly and bulging out its equator 
Ihit we find that this is no longer pos 
sible when once this landmark has 
been pas.se<l.” 

Fiirtlun shriiikagt', Sir Janu*s Jeans 
( xplains, now involves an actual break 
up ot the nebula. Jt is like a tly -wheel 
that IS rotating too f.isl for .salety, and 
it reli(‘ves the situation bv the ejection 
ot matter ftoni its iMpiator. d'lie la.s1 
thr<‘(‘ photographs m the middle eolimiii 
on this page show the successive stages 
ot this o}x.‘ratioTi. 

Just as a fly wheel buist^ at its 
weakest point, so there must be some 
reason why the whirling ncdmla throw's 
oil matter at one or inoie points of its 
equator and not equally all round. 

We know how the altradion oi the 
AltHUi and Sun (.auses tide's cm the* 
Farth, wdiicli bulges as the w'ater, and 
to a less extent the land, is drawn iif> 
by the pull of tlx* Moon and Sun. 

Well, in the same way, the attraction 
of other heavenly bodies in Sfiace 
causes what may be dc'scrilx'd as tides 
m the nebula. The ri*.sull is that the 
c'qiiator of the nt'bula instead of being 
circular bec:omes elliptical and it is the 
parts farthest from the centre whcTe 
the nebula's gravitational pull is 
weakc'.st that an* thrown off like arms, 
as can s«»€'n in the photographs on 
page 1151 



1 hese arms, pulled out of the mass of 
ga.s by the* tidal action of other heavenly 
bodies, gradually condense* and form 
stars like our Sun 

The process is continued and other 
passing stars pull out arms of gas from 
the condensing stars of the nebula, 
forming in course of time bodies like 
our planets Then from the planets in 



their fluid state arc drawn out arms of 
gas wdiich eventually condense into 
satellites like our Mtxm 

Such is the story ot the formation 
of the Unix'CTses, as worked out theoret 
ically by astronomers and confirmed, 
as far as anything can be confirmed, by 
obserxation of the nebulae in different 
stages of development. 

U'hile the nebula? appear to ditfei 
greatly in size and brightness, Dt 
Hubble declares that it is cleai 
these variations arc due to differences 
in distance*. 

It is possible to estimate with lair 
accuracy the distances of the various 
nebulae The faintest of all that can 
be recorded by means of tht? 1 00-inch 
telescope are the fartlu'st away, and 
are at tiu* amazing distance of 140 
million light-years. St'eing a light- 
year is 5,876,068,880,000 miles, the 
distance ol these far-away universes 
is nearly 823 million million, million 
milo.s 

A Model of Spaoe 

Ur. Hubble, wdio has made a special 
^ludy of the nebulae, tells us that they 
are fairly uniformly placed in Spac(* at 
im average distance of about 1,800,000 
light-years apart, and Sir James Jeans 
lielps us to reah.se what this means 
" To (onstruct a moclel,” he says, 
W'e may take three hundred tons uf 
apples and space them at I'lbout ten 
yards iqiart, thus filling a sph(*re ol 
about a mile diain(;ter This sphere l^ 
the range of vision ol the 100- inch 
telescope ; each ajiple is a nebula 
containing matter enough for tlx* 
creation of several thousand million 
stars lik(* our Sun ; and each atom in 
(*£ic'h apple is tlie size of a .solar system 
with a diameter equal to, or .slightly 
larger than, that of the Earth’s orbit.” 

The mash or (piantity of matter in a 
nebula is no less wonderful than its 
size and distance. One nebula is 
estimated to have 3,500 million time'' 
the weight of the Sun, and anotluu 
2,000 million times the Sun’s weight. 

The more we learn al>out the 
marvels of the heavens and the 
wonders of space, the more we are 
inclined to say wdth the psalmist of 
old : ” When f consider Thy heaven.s, 
the work of Thy fingers, the Moon and 
the stars, which Thou hast ordained, 
wdiat is man that 'Phou art mindful 
of him ? ” 



The SIX photographs in the middle column show a sequence of shapes into which the greater number of nebulie can be arranged. It 
begins with the globular fuzzy mass of gas, having little or no rotation ; and ends with the flat cart-wheel type like our own Milky 
Way system, which rotates much more rapidly It is believed that this sequence represents stages in the mechanical evolution of a 
Universe. The three photographs in a line at the bottom show three nebul» all in the same stage, but seen from different angles 
The dark ban^ of the two lower photographs in the middle column are condensed matter on the outside of the nebular equators. 
These photographs and those on page it5x are given by courtesy of the Carnegie Institution of Washington 


1153 







NDERs oF Animal &Plant Life 



THE RABBIT AS A PET AND A PEST 

To most English boys and girls the rabbit is best known as a rather attractive pet. It can be kept quite easily 
and healthily in a comparatively small space and large numbers arc reared in our towns as well as in the country 
for both pleasure and profit. But the rabbit can be a great pest by destroying trees and other vegetation, 
and in Australia and New Zealand, as we read here» it has proved a real menace to the farmers 


A s in the case ol the dog and cat, 
under domestication the rabbit 
^ has (Jeveloped into various 
forms, and is in man> ways ditierent 
from its wild rclativ(‘. h'or instance, 
while the wild rabbit’s ears are held 
upright above the head, tnany ot thi* 
domestic breeds have one or both ears 
drooping and are known as lo])-ear(‘d 
varieties. In others, such as the 
Angora, the fur is much finer and more 
plentiful than in the wild rabbit. 

Whether donu'stic or wild, howevei. 
tlie rabbit is a complete vegetarian. 
,nid it IS this fact that makes it in some 
districts such a gieat pest to the taiimu 
and gardener. It eats up the garden 
vegt'tables of all kindN, it does great 
damage to the tnrs by gnawing round 
the bark, and it damages tlu* ground by 
burrowing and undermining it. 

Hut in Great Britain, lor 
tuiiat(‘ly, the rabbit pest is kept 
within reasonable limits, be 
cause the <inimal has inan) 
t-nemii's apart from man 
Weasels, stoats, and iiofc'cats 
rill prey upon the r.ibbit and 
find its flesh good The tox, 
als(^, does not disdain a rabbit 
when nothing more substantial 
i-s available, and even liedge 
hogs will ('any off a voung stray 
rabbit and make a meal of it 
Then there ate tlu‘ hawks 
and owls which, whenever the\ 
g<‘t a chance, swoo]) down and 
carry off a rabbit 1m a meal 
Donuistic cals also will oltcn 
loiter round a rabbit warien in 
onU*r to capture llie aiiim.ils a-' 
they tome or go In tins way, 
although the rabbit multipli(‘s 
at an enormous rate, its num 
bers are kept within reason ablt 
limits. Nevertheless, in Scot 
land during the past c<’nlur\ , 
it has multiplied very great 1\ 

The Dangerous Rabbit 

It is, liowevcT, in other lands 
to which the ral)bit has been 
taken by man and wdiere few, 
it any, natural enemies exist, 
that the little animal, so 
attractive in Knglaiid, has be* 
come a positive danger and 
menace to the eoinmunity. 

We must rememlHir that the 
animal begins to have young 
when it is only six months olcl. 
and it has four or five litters 
in a yeoTj each numbering from 
five to ten animals. 


A pair ot rabbits, then, living in 
lavourable circumstances and free of 
natural enemies, would m three vears 
have multiplied into 13,718.000. This 
being so. we can understand why it is 
that vast districts in Australia and New 
Zealand, where the animals had no 
enemies, w^ere in a few yc'ars com- 
pletely oveiTun bv rabbits. 

b-arly in the nineteenth century some 
settlers introduced tw'o or three pairs 
ol rabbits into Australia, thinking thw 
would lie v^ery useful as they multipheil. 
to provide food and sport. Within a 
year (»r two of the rabbits being let 
loose, whole districts had Iwonu* 
nothing but gigantic rabbit warrens 
The peoplt' soon lound that the- 
rabbits nte the grass which was needed 


lor tile sheep, killed the trees by barking 
them, and devoured all kinds of fruits 
and v^egetables which had been des 
lined for human needs The rabbits 
wxTi' caught and killed in inillioris, and 
alter a tew' years, monj than a million 
skins were exported every year 

Still the rabbits multiplied, and soon 
in .some districts tanning became im- 
possible, and the tanners wen* ruined 
l)y the pets that h.ui Ixu'ome pests. 

' No tfiue will ki’t^p tliein out,” 
wrote a distmguishcxi visitor to Aus- 
lialia. ” If they cannot fly over it they 
will burrow undiM it like moles, and 
nothing IS safe tnmi tluun.” At last 
the (iovernment had to take up the 
matter A reward of /25,ooo was 
ofhTod foi the i‘xtermmatioii ol tin* 
rabbit, and IMonsieur l^i.steur, the 
famous I'reiK h chemist, 
'-uggesU'd the jutnjdiution ol 
r a i> b 1 1 s inoculated with 
dise.ise. An Australian pro 
le.ssor also suggested llu* same 
method, but it ]>rovcd un- 
successful. 

In New Zealand the de- 
struct ion by ral ibits became so 
great th.it it w'as at one time 
suggested that peojile shoulci 
vacate certain distrii'ts. 

In 1032 some .sucee.ss fol- 
)ovvi‘d the iiiTUK'ulaiion of cajv 
tured rabbits with a virus, and 
then releasing them to infect 
<»thers. Hut the chief metluKis 
of killing them is by trapping 
or shooting, (ireat drives arc 
held and millions of them are 
canned for export, 'rhe .skins are 
an imi)ortanl export from both 
Australia and New' Zealand. 

A Law Against Rabbits 

The money received, how* 
ev(‘r, from the sale of frozen 
rabbits, canned rabbits, and 
rabbit skins, does not pay a 
hundredth part of the loss and 
damage which the rabbits cause, 
b'ciriners and graziers in Vic- 
toria, South Australia, and New 
South Wales, have to spend 
large sums every year in des- 
troying rabbits,' driving them 
out of their burrows and waging 
war upon them in all sewts ot 
ways. The law says he is to 
clear his land of the vermin, 
but, of course, this is impossible. 
He keeps them under, howevei , 
as much as possible for bis own 



The rabbit, though not foftd of the water, is a good 
swimmer and, if necessaiy, will always take to the water 
to escape from an enemy such as a dog 



The rabbit is also a good climber, and often climbs up 
inside a hollow tree for safety if pursued, or to make a nest 
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HOW MAN HAS CHANGED THE RABBIT’S EARS 



By selecting rabbits with special characteristics and colouring, man has been able to breed animals that are very different from their 
v^d ancestors. Altering the appearance of an animal this way is called selective breeding, and one result is shown in the above photo-^ 
graph of a rabbit whose ears from tip to tip have the enormous span of 26 inches. Its weight is twice that of a wild rabbit. 
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sake as much as in obeying the 
law. 

In order to keep the rabbits out of 
Northern Queerrsland and Western 
Australia enormous fences, thousands 
of miles long, have been erected by the 
Government. Cue great fence put up 
by the Western Australiaii Government 
reaches from the Australian Bight in 
the south to a point 1,200 milcvS away 
on the north-west coast, but the rabbits 
managed to get past the fence, although 
it reaches three teet in height and is 
buried some distance under the ground. 
The fence has, therefore, been dii pli- 
cated a few miles further west, and 
throughout its whole length this great 
double barrier is patrolled daily by men 
whose special duty it is to keep it in 
repair and to kill any rabbits seen. 

In rabbit -infested Victoria, it is an 
offence punishable by a ftne of fjoo 
to keep a rabbit as a domestic pet. ^'ct 
soon after their introduction into Aus- 
tralia rabbits had been protected by 
la,w, and could be killed only in season. 

It IS not quite certain ol what 
country tlu* rabbit is a native, but it is 
l)elieve\l to have originated along the 
western shore.s of the Mediterranean, 
where it is still abundant today. Some 
say tbe Romans introduced it into 
Britain. It is curious to read that in 
Spain, whcTe the dim ale and vegeta- 
tion are not unlike that of Australia, 
there was a serious rabbit pest 2,000 


years ago w^hen the country was a 
province of the Roman Empire and 
OfiC of the chief gr.iiianes of Eurof>c. 

Much of the damage done to trees 
by the rabbit sei‘ms to be wanton, but 
probal)ly the little animal gnaws the 
bark in order to wear down its sharp 
front cutting teeth, which grow 
rapidly. A wild rabbit was found some 
time ago that had a front tooth in its 
upper jaw which did not quite meet 
that in the lower, and so could nf)t be 
worn down. It, therelorc, grew and 
grew in .1 curved direction till at last 
it entered the rabbit's neck. 

'I'hc growth g(X‘S on whether the 
teeth bo used or not, and .so the rabbit 
must constantly be wearing away the 
edg(* to prevent this b<H’oming a danger. 

Rabbits are excellent swimmers, but 
they will not take to the water unless 
they are obliged. It, however, a dog 
pursues a rabbit near a river, the 
rabbit will at once plunge in and swam 
to the opposite, bank. They an* also 
good climbers, and when <ln\en to 
the necessity can climb rapidly up a 
tree. I'hey sometimes even climb up the 
inside of a hollow tree to make a 
nest. 

Generally, however, the mother digs 
a burrow and lines tlu^ extremity with 
dried grass and down plucked from her 
owm body. Then, after producing her 
family, she goes Oi|t, closing the open- 
ing with earth ui order to guard it, as 


far as p08.sible, from such onemic.s as 
stoats and weasels. It is said that 
afterwards the mother only visits her 
family once in every 24 huuns. 

When digging its buiTow the rabbit 
pushes the eartli out behind it, and 
then spreads tin.* ejected earth over the 
surrounding ground witli its forefeet, 
so as to remove all traces of the earth 
having been remox'ed. 

Generally speaking, rabbits are very 
timid creatures, but the editor of this 
l>ook pos.sesscd a w'lld rabbit which 
luid been caught young and was 
allowed to run freely in his garden 
during the daytime, but w^a.s shut up 
111 a hutch at night. One inonung when 
ne went io relea.se the rabbit for the 
clay a large rat was found in the hutch 
lying dead. It had evidently got in 
after the rabbit’s food, and in some w^ay 
the rabbit had killed it, presumably by 
kicking it with its pow'crful hind 
legs. 

This same rabbit became* so tame 
that when any member of the house- 
hold went to the garden door and called 
“ Bun ! Bun ! " it would run up 
immedialcly for food. The rabbit also 
liked to play with a little Pomeranian 
dog and w*ould run round and round 
the dog, constantly touching it with its 
paws. Sometimes the dog, not wanting 
to play, would get angry and snatch a 
mouthful of fur from the rabbit, but 
thi.s did not scare the rabbit 


A HORNED CHAMELEON pKE AN ANCIENT DINOSAUR 



We all know the ordinary European chameleon that has a curious swivel eye, changes colour to suit its surroundings, and darts out a 
long tongue to catch insects* Well, here is an African relative that lives in Kenya and has strange horn-like projections on its head. 
Only the male has these gmwths. Most chameleons lay eggs, but the female of this species produces its family alive 
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There are iruiny common plants growing wild in Great Britain that are poisonous and harmful to man and often to beast, too, and on these pages 
thirty-six of them are shown so that we may be able to identify them. Hemlock Water Dropwort is sometimes mistaken for celery, and it has poisoned 
cattle as well as humans. Monkshood or Aconite is the most dangerous of all our native plants, all parts being poisonous. Cowbane roots have 
sometimes been mistaken for parsnips and killed those who ate them. The same tragic result has followed the eating of FooPs Parsley roots for 
turnips. All the other plants shown above have proved fatal except Spurge Laurel and Greater Celandine, and they have caused serious illness 
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THE BRITISH FIELDS, LANES AND WOODS 



Ail the plants on this page, when eaten, have led to serious and many ot them to tatal results. Deadly nightshade is a very dangerous plant in all 
its parts^ and the very poisonous berries are particularly attractive to children. Yew leaves are poisonous and the seeds in the berries are harmiul. 
Dwarf elder Aowers, leaves and bark, are poisonous, and the berries should be let severely alone. Pine-leaved water dropwort is very poisonous and 
has paralysed horses. Even such familiar flowers as Foxglove, Daffodil, Wild Hyacinth or Blue-bell are poisonous. Cattle have been killed by 
eating Pasque-flower. Baneberry berries are highly poisonous, and all the other plants shown here are sufficiently poisonous to be dangerous if eaten- 










THE ROMANCE OF THE EARTHWORM 


T he common earthworm is not a 
vcr>* attriU’tivc-looking creature 
aiul most peof)l(5 cxpr<*ss disgust 
when they see a wwm crfiwling over 
the surface of th(* ground. 

Hut really thi.s despised and lowly 
t reature is an exce(‘dingly uselul friend 
of m.in and its life* is a great romance 
which has l)et*n reveaU*d to us by 
(harles Darwin, the distinguished 
sci<‘ntist. 

Without the worm we should find 
It much more diliicult to raise sufheiont 
food crops, foi the earthworm prepares 
the soil and docs it ni a much more 
('ificicnt way than any agricultural 
implement or machine that has ever 
bccui devj.sed l\v the inventive genius 
of man. 

More, than a century and a half ago 
Gilbert White, the famous naturalist 
ol Selborne. wrote that '* earth w*orms 
though in appearance a small and des- 
picable link in the chain ol nature, 
yet i( lost would make a lanien table 
chasm. Worms .seem to be the great 
promoters of vegetation, which would 
proceed but lamely wdthoul them, by 
boring, perforating an<l loosrming the 
soil, and rendering it pervious to the 
rains and the fibres ol plants . by 
drawing straws and stalks of leaves 
into it . and most of idl by throwing 
up such infinite numbers of 
lumps of earth c a 1 1 e d 
w'orm-casts, which is a fine 
manure for grain and 
grass.'* 

It was not till a century 
later, however, that the 
enormously important part 
which worms play in 
making the eartn fertfle 
was fully known through 
the patient work of Charles 
Darwin, spread over many 
years. He wrote a whole 
book on earthworms and 
their work, which is one of 
the most fascinating stories 
of natural history in the 
world. 

How the Worm Travels 

It will bo well worth our 
while to look out for a 
vyorm in the garden and 
study its form. We shall 
probably find one on the 
surface of the ground after 
a heavy rain, for then the 
barrows get filled with 
water and the worms come 
out so as not to get 
drowned. 

Wo shall see that the 
worm’s body is made up of 
a large number of rings, 
sometimes as many as two 
hundred, and on each of 
these rings there are eight 
little bristles or hairs. If 
we take an earthworm from 
the garden path and stroke 
it ge^itly to and fro on fdie 
under-surface^ or move our 
fingers from the tail to- 


wards the head, we shall leel these 
hair.s. What are they for ^ 

Well, they are the organs of loco- 
motion of the worm, enabling it to pull 
itself along, and. if we place a worm on 
a sheet of paper we shall hear the hairs 
nibbing against the paper as the worm 
moves forward. 

I'he worm makes a burrow for itseli 
two or three feet deep, and .sometimes 
deeper. If the soil is soft it ju.st Ix^res 
down head first, but if the ground is 
hard it eats its way through the earth, 
passing the matter through its body, 
including its gizzard, where it is ground 
np, and after the nourishment i.s 
extracted from the animal and vege- 
table remains, the re.st is passed out of 
the body, and we sec it in th(‘ form of 
worm casts on the lawn or elsewhere. 
A sticky substance exu<led from the* 
worm's body lines the burrow and pro 
vents the earth falling in. 

The worm spends most ol tlie day 
m its burrow but at night comes out to 
feed on decayed vegetable matter, 
often keeping its tail in the burrow 
and sweeping the ground all romul as 
it searches for the food. In the day the 
mouth of the burrow is often closed 
with dead leaves. 

By burrowing in the soil the worm 
enables air and water to penetrate* 


everywhere, and permits delicate roots 
to travel about in the earth. Then by 
the falling in of burrows the whole 
soil is kept moving so that every grain 
is exposed to the action of air and rain. 
The decaying leaves carried down into 
the burrows by the worms manure the 
soil, and the deposit of castings at the 
mouths of the holes covers the surface 
of the ground with a fine rich soil* 
Darwin's patience in studying the 
work of the worms was enormous. He 
covered over part of a field with broken 
pieces of chalk and left it for thirty 
years. Then he dug up the ground and 
found that by the action of the worms a 
layer of Jumps of clialk had been carried 
down seven inches below the surface. 

Another field was covered with hard 
flints and left for a similar period. At 
the end of that time the flints had di.s- 
appeared below the surface and a horse 
could gallop over the field without 
striking its hoof on a flint 

Squares of ground were marked out 
on different kinds of land and these 
were examined every day for a year 
and the worm castings counted and 
weighed. On one square yard the 
castings for a year weighed 3J 
At this rate the worms bring up to the 
surface seven tons of earth on every 
single acre of ground. 

Darwin concludes the 
account of his experiments 
with the wordvS : " When we 
behold a wide turf-covered 
expanse, we should 
remember that its smooth- 
ness on which so much of 
its beauty depends, is 
mainly due to all the 
inequalities having been 
slowly levelled by worms. 

The Lowly Ploughman 

' * It is a marvellous reflec- 
tion that the whole of the 
superficial mould over any 
such area has passed and 
will again pass every few 
years through the bodies of 
worms. The plough is one 
of the most ancient and 
valuable of man's inven- 
tions;. but long before he 
existed the land was in fact 
regularly ploughed and still 
continues to be ploughed 
by earthworms. It may 
be doubted whether there 
are many other animals 
which have played such an 
important part in the his- 
tory of the world as these 
lowly organised creatures.'* 
Worms are found in 
nearly all parts of tlie 
world, even on mountains 
up to 10,000 feet. They 
are not found in deserts, 
however, for in order that 
they may thrive there must 
be a certain amount of 
moisture in the soil Other- 
wise they cannot make 
their burrows. 



ough _ 

and their casts of earth on the ground. One burrow is dosed with a 
leaf. A famous scientist calculates that there are» on an average^ 
50,000 earthworms to a single acre of land 
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THE BIGGEST BEETLE IN THE WORLD 



How would you care to Uve in a country where there were beetles as big as rats ? In Braail and Guiana there is a South American 
beetle Itmrwn hy scientists as Titanus giganteus, or the Giant Titan, which grows sometimes to a length of nearly nine inches. Specimens 
half a foot long are quite common. Here it a specially large specimen given natural site, and we can compare it with the sixpence 
placed along^de which Is also fq>roduced exactly to sixe. The Gtaiit Titan is the biggest of all beetles 
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HOW HEAT CAUSES A GAS AND A SOLID TO EXPAND 



If we take an ordinary rubber balloon and blow into it we can fill it out to a certain size Then, if we take this balloon and hold it 
near a warm radiator or some distance from a fire, being careful not to go too near, we shall find that the balloon will gradually get 
bigger and bigger, and if we hold it in the warmth too long it may even burst. The reason is that the molecules of air in the balloon 
are made to move to and fro more and more rapidly, and as they require increased space in which to do this, the air in the balloon 

occupies a larger volume than it did when it was cooler 



We have probably noticed that the rails on which the train runs are not fitted close together - there is always a space between the 
individual rails. This is to allow for the expansion of the metal when the hot sun shines upon it. If we look at the track on a hot day 
we shall find that the ends of the rails are much closer together than they are on a cold and frosty day. The metal expands as it geU 
warmer because the molecules of which it is composed are vibrating with increased motion, and as they require more space for meir 
movement the great mass of metal requires more room, and so increases in size 
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Marvels of Chemistrt & Physics 



WHY HEAT MAKES THINGS BIGGER 

Heat is really energy and the energy takes the form ot motion among the molecules of which a body is made 
up. This is one of the remarkable discoveries of modern times. It used to be thought in the olden days 
that heat was a substance like air or water which got into a body* but we know better nowadays. One of 
the various and interesting results of heat is described on this page 


W E must all of us be awaie that 
when things get hot they 
almost invariably get bigger; 
or, in other words, they ix-cupy more 
space. 

We see this in tlie tliennoineter. 
As the temperature rises and the 
mercury or alcohol in the bulb gets 
warmer, it occupies more s)>ace, iiiid 
therefore rises in the tube. 

The same thing is true of a solid 
and of a gas. When the railw^ay me?i 
lay the track and 
place the metals on 
wliich the train is to 
run end to end. they 
always leave a certain 
amount of space 
between the ends of 
the rails to allow for 
tile expaiLSioii of the 
metal when the Sun 
.shines upon if in hot 
weatlier. 

If they did not do 
this, the result w^nild 
be that oil .some very 
warm summer day the 
rails idl along the liix* 
would expanil, and as 
there would not be 
room for them to ex- 
tend lengthwise, thew 
would have? to buckle 
up to some t'xtent and 
the track would then 
bts!<>ine diiiigerous. 

in reganl to a gas, 
if we 4>l6w up a child’s 
rubber balloon to about 
half its usual capacity 
and close the opening, 
we can expand the 
balloon a great deal 
more by holding it 
nt^or a hot radiator or 
'tome little distance 
from a fire. The gas 
uisido the balloon gets 
hot and expands, 
pulling out the balloon 
more and more as it 
does so. The increase 
of tlie space occupied 
owing to the heat is 
more manifest in the 
case of Uie air inside 
the balloon than in that of the steel rail 
or even the alcohol of the thermometer. 

Now why does a substance need 
more space as it gets hotter ? In the 
old da^ men of science thought that 
heat was a material like water, and 


that a body mcn^ased m sire iis it got 
liotler for tlu* .same reasrm that a dry 
s]K>nge gets bigger when it is ini- 
mersed in water. They suppo.sed that 
the sub.stance of tJie heat was added 
to the substance of the other material 
and so ciiused more space to \>v 
necessary for the combination of 
the two. 

We know better in thesc‘ days. 
Heat is not a substanct* at all ; it is 
nuTely a state of niatt('r .Ml sub- 


stances arc made up of molecules, tiny 

particles, of which we read oh page 145. 

Now. although an object like a steel 
rail may appear to be very still, 
the molecules of which it is made up 
are really moving to and fro, or in 
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other words they aie vibrating. When 
a substance becomes liotter through 
combustion, or wJien the hot sun 
shines upon it, the vibrafions of the 
molecules are increased ; that is, they 
are moving to and fro much more 
rapidly. And thti movement increases 
mote and inon‘ as the material becomes 
more heated. 

This increased movement require.s 
more space as the molecules are 
driven larther and farther asunder, 
and so the whole body 
which the molecules 
make up luis to in- 
crease in volume. If it 
IS a .solid it increase.s 
in length and breadth 
and thickncvss, and if 
it IS a licpiid or a gas 
It increa.ses in volume; 
that is, in all direc- 
tions where it is free 
to move 

If the heat continues 
to increase, the mov(»- 
nient of the molecules 
becornt's .so great that 
the forc(‘ of cohesion 
IS at last overcome 
and the heated body, 
if a solid, loses its 
rigidity and becomes 
liquid. If it is still 
further heated, it will 
cease to l>e a liquid 
and become a gas, 
and enormous h e a t 
like that found on the 
Sun may even break 
up the molecules of 
matter. 

We vSpeak of various 
Ixidics as being good or 
bad conductors of heat. 
What do we mean by 
this ? Well, the spread 
of hiiat through a laxly 
such, for example, as a 
bar of iron is due to a 
gradu al comma nication 
to the molecules in the 
bar. of the vibratory 
motion from the heated 
part to the remainder. 
By saying that a !x>dy 
or substance is a good 
conductor of heat, vve mean tliat it is 
one which readily takes up and trans- 
mits the vibratory motion from particle 
to particle, while a bad conductor is 
one in which the motion is transmitted 
only wiOi difficulty. 



This simple experiment enables us to see that heat increases the volume of 
a liquid. When we put the thermometer into the hot water of the bath 
imme^ately the alcohol or mercury in the bulb Increases in volume* and we 
see it expand and run up the glass tube, as shown in the right*hand picture 
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This picture-diagram shows why it is that a horse walking on the tow-path of a canal and pulling a barge by means of a rope, can 
draw the barge up the canal on a straight course instead of pulling it in towards the bank. The course is kept straight by means of the 
rudder which is set parallel to the direction of the rope. The barge is then acted upon by two forces working in different directions, first 
the rop^ which tends to pull it towards the left bank, on which the horse is walking, and secondly the water pressing against the rudder 
and tending to turn the barge towards the right bank. By drawing two lines to represent these forces and lUrections, and constructing 
on them a parallelogram, the diagonal of this parallelogram will give us the direction in which the barge must travel. Men of science 
call this the residtant of the two forces acting on the barge. The parallelonam of forces comes into many dep^ments of life. We see 
another example on page iao2, where two boys are kicking a football in opposite directions, and it travels along the diagonal 




SUNSPOTS AND THE EARTH’S MAGNETISM 



A group of sunspots photographed at the Mount Wilson Observatory of the Carnegie Institution. The whirling nature of these gigantic 
tempests on the Sun can be clearly seen in the photograph which shows as irregular white patches the immense hydrogen flames hurled 
up from the surface. These great seething areas are very often big enough to swallow up a dozen or more Earths 



All about our Earth Is a magnetic field or area subject to magnetic influence^ and it extends far out into 4pace. Fotir thoosand edte 
above the Earth's eurfaoe it is ont^lghth as intense as at the surlhoe. In this diagrani» given by courtesy of the Camegie InstMiett 
of Washington, It shown as made up of innumerable lines of magnetic force radiating Irotn the Sarth^s magnetic foles 

ixd4 





Bil W onders of the Sky BI 

HOW THE SUN AFFECTS YOUR RADIO 

It is not surprising to know that radio transmission is affected by the Sun, for* as we read here, the radio 
waves travel in the same upper layer of the Earth's atmosphere as is bombarded by electric particles thrown 
out by the sunspots. These particles, or: impact with the atmosphere* have very marked magnetic effects. 

All the photographs and diagrams in this and the previous and succeeding pages arc given by courtesy of the 

Girnegie Institution of Washington 


T he changing sjxjts on the Sun’s 
face about which wt* read on 
pages 367 and 308 are often so 
largo that they can he seen without the 
aid of a telescope- Of < oursc‘, when wt* 
look at the Sun wo must always use a 
piece of smoked glass so as to shut oft 
its glare, otherwist" wo may injure our 
sight. If, howxn'fM', we smoke a piece 
of glass over a candle flame we can 
look at the Sun’s fat:e with perfect 
safety, and, as likely as not, we shall 
be able to see quite clearly one or nu>r<‘ 
groups of sunspots. 

If we can see a spot it is interesting 
to watch its progress from day to day. 
for all these spots seem to nlo^'e across 


the Sun's dis<i from cast to west. 
This movement is dm* to the Sun’s 
rotation on its axis, and some spots 
pass right across the disc* till the\' 
disappear over the western edge, and 
then after alxiut a fortniglit reappear 
an the eastern edge and begin the 
journey again. 11 is lx*cause of this 
passa.ge of the spots that we know the 
Sun n)tales. 

Thc^ curious thing about tht‘ Sun is 
that the wiiole of it dotjs not seem to 
rotate in the sfwne period. At or near 
the equator the jiassago of a sunspot 
is about 27 days, but midway betw'een 
the equator and the ])oles the periixi 
is alK)ut a day longei. Sfx>ts are ver>' 


rar<.‘l\* seen any nearer the Sun's poles 
than that. 

The period during which a sunsj>ot 
lasts varies a gieat deal. Sometimes 
after passing ofi the western edge of tin* 
disc it never reapj)ears, whereas sonit* 
spots have appeared again and again 
and hav'e lasted for more than six 
months. Why this should W no one 
can sa>'. 

We have already seen that the sun 
spots have a great deal to do vitli the 
appearances of the Aurora or Northern 
and Southern Lights (see pages 806 t(» 
HoS), and also affect our weather t(» 
some extent (see pages 1028 and io.»o) 
Tt is, howev'cr, with the magn(*ti(‘ 




WONDERS OF THE SKY 


influence of tlie sunspots that our Itarih 
is chiefly concerned. 

Streams of particles like electrons 
and ions (the electrified particles into 
which a substance is broken up by an 
electric current) are 
thrown out by sun- 
spots trav^elling 
throiij^h Space and 
entfu* the ionosphere, 
the upjHT liiyer of the 
ICarth’s atmosphere, 
as (‘xplained in page 

8oi. 

They make then 
presence felt, however, 
for wlien they collide 
with the gases in the 
upper atmosphere 
they produce the 
auroral displays, and 
electric currents 
set up by this 
collision cause 
divStur bailees in 
the Earth's mag- 
netic field. 

The auroral 
displays are rarely 
seen outside the 
polar regions, but 
the magnetic dis- 
turbances are felt 
everywhere, and 
observatories all 
over the world 
watch for these 
and record them. 

They arc detected 
at once by means 
of very delicately 
suspended mag- 
nets. Sometime.s 
the motions of the 
magnet arc small, 
but at other times 
they are very 
violent, and men 
of science then say 
that there is a 
magnetic storm. 

It must be under- 
stood, however, 
that this is noth- 
ing whatever to 
do with the 
weather or with 
thunderstorms, 

Those storms are 
due to quite differ- 
ent causes. 

The magnetic 
storms do not 
occur very often 
— sometimes only 
twice a year, and 
rarely more than 
five times. They 
last for about two 
days, and all the oliservatories that are 
watching see their magnetic needles 
moving violently at the same time. 

At such times displays of the Aurora 
-are impressive, but there are other 


indications that something is hapfien- 
ing. Electric cables are disturbed and 
radio and radio-telephony are .subject to 
coriHiderable interference. 

Now. these things generally happen 


when there are large sunspots near tlie 
centre of the Sun'S disc, and so men of 
science, putting the various facts 
together, have come to the conclusion 
that there is a close connection between 


the .spots on the Sun and the various 
magnetic and electrical manifestations 
which afiect the Earth. 

Charts have been made indicating 
by a zigzag line the periods when 
sunsjK)ts are large and 
frequent, and this line 
corresponds with re- 
markable closeness to 
a similar line repre- 
senting periods of 
magnetic disturbance 
on the Earth. The 
two lines are given 
on this page. 

Mr, J. Bartels, of 
the Department of 
Terrestrial Magnetism 
in the Carnegie In- 
stitution of Washing- 
ton, estimated that 
the particles 
thrown out by the 
sunspots take about 
one and a half 
days to reach the 
Earth, and in their 
passage describe a 
.series of arcs not 
unlike water falling 
off a revolving 
garden hose. 

“Between the 
fir.st impact," he 
says, " and the time 
the Earth is com- 
pletely enveloped 
by the storm less 
than one minute 
elap.ses, which ex- 
plains the practic- 
ally simult^ineous 
beginning of many 
magnetic .storms. 
The detailed move- 
iTi e n t s of the 
particles are very 
complicated, 
especially near the 
Earth, where they 
are deflected by the 
F.arth's magnetic 
forces." 

We can under- 
stand that these 
particles from the 
Sun should aflect 
radio transmission 
because the radio 
waves travel in the 
same upper layers 
of the atmosphere 
in which the mag- 
netic variations are 
produced. 

In these outer 
regions, which are, 
of course, most sen- 
sitive to cosmic 
influences, there is direct evidence of 
the influence of solar variations. 

How activity in the upper atmosphere 
affects our weather is explained in 
tlie articles in pages 8oi and 1026. 



A diagram by Mr. S. Chapman showing how the stream of particles thrown 
out by spots on the Sun’s disc describe a series of arcs in their passage across 
Space to the Earth. They come like water falling from a revolving hose. 



The great hydrogen flames thrown up from a sunspot photographed on four successive 
days at the Mount Wilson Observatory in America. 



A diagram showing the close relationship between the number of sunspots, as indicated 
by the bottom line, and magnetic activity on the Earth, os shown by the upper line, 
during the period 1835 to 1930. 


1166 






THE IDENTITY OF THE LEVER AND PULLEY 

It is always interesting when looking at a complicated machine, to see how it is made up of simple devices 
such as levers, pulleys, wheels and axles, and so on. On this page we sec how these mechanical devices arc 
really identical in principle. We can prove it for ourselves by a series of simple experiments 

W K Speak of the lever, the pulley plicated it may U*. is really only an The last two diagrams show how the 
and the wheel and axle as lH*in)L» adaptation ol simple and elementary wheel and axle corresponds with levers 
separate mechanical powers, principles. of the second and third oniers. If we 

but the pulley and the wheel and axle All we need for the ex|>eriments is have a numlx'r of weights it w'ill be 
are really only adaptations of the lever, one or two strips of wood, such as box* very interesting to experiment with 
J hey arc indeed identical in principle, wood rules and one or two wooden difftnent weights and find the propor- 
and the pictures given on this page wheels with grooves round the rims, tion.s betwev'n the weights that exactly 
show how this may be proved by a 'fhe first diagram ('xplains itself, and balance. 

series of simple experiments. shows clearly the identity of the pulley Of course, wc must sec to it that 

Seeing how modem machinery de- with the lever of the first onlc-r each latht^ and whe(‘l cfin rotate, freely 

pends upon these elementary mechani* Hie second t;xpcriment also .shows round a nail or svrvw. In the wheel 
cal principles, it is well that we should clearly the similarity between a wheel and axle the small wheel can be glued 
thoroughly understand them. All nia- ancl axle and a lever ol the first order nr screwed to the large one. The 
ehinery, indeed, no matter how ('om- with unequal arms. whet'ls and latlies need not be large. 



The upper left-hand picture shows the identity of the pulley with the lever of the first order. The three succeeding pictures make clear 
the identity of the wheel and axle with levers of the first, second, and third orders, the levers in these cases having unequal arms 
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HOW THE SIGNALS ON THE RAILWAY WORK 



The picture on these pages esrolain the ordinary system of signals which is in use on British Railways. There are three main signals, the dhUaot, 
home and starting. In the left-hand picture a non-stop express has lust passed the station on the down line. In this case the Astant signal does 
not come into the picture, but ail three signals were down, meaning that the Hne was clear for the train to pass. The train haying gone, the home 
signal to just bm put up to stop the next train till the line ahead is clear. When the express has passed the starting signal, that will also iM put 
tt|), and then all thm ^gnals on the down line will be up to stop any train following till the express is clear of the next leeticm jdf the track. & 
railway line it divided into sections, each with its own set of sigMls, and is therefore known as the ** block system,*’ because with the signals up 
a train is kept in one block or section of track, Now we come to the up line. In the left-hand picture a t^ain is appmachtog. The distant signal 
u at the horixootal position, indicting that the home signal is ordering the train to stop. The distant signal is merely an advance warning to 
driver of the home signal's position. It is generally Boo yards from ^ home signal, out if toe track is diwnhill it is 1,000 yanto or more away, 




and il ft is uphiU the distance may be reduced to 600 yard^. This is to give the driver time to slow down and pull up hU train when he comes to 
the home stoal. In the right-hand picture the train, having stopped at the station, is ready to go on. The starting signal has been lowered, 
pennitting the train to proceed. It is shown just starting. After it has left the station all three signals mil be placed at the boriaontal to stop any 
other train from going on till this train has cleared the next section. AH stop signals have square-ended arms, but the distant signal, to distinguish 
it from the others, has a V-shaped notch at the end. These signals used on British Railways are known as semaphores. Bach arm is generally 
about Bve leet long and one loot broad. In America and on the Continent the arnt, instead of being lowered to show ** dear," is raised. A distant 
dgnal is never lossered to " dear " unless the home signal ahead, controlled by the same signal-box, is also at " dear." If an express driver sees 
a dislaat at " dear," he can assume that he is free to run through the station. In the signal-box the signals are worked by a row of levers 
placed In what is known as a locking-frame. The points and signals are interlocked, that is if a signalman has moved a lever and opened a pair 
of pdnti, the home and distant u^als are thereby placed at " danger." Automatic signalling is described on pages 1106, 1107 and txda. 
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MACHINERY USED IN THE TIMBER INDUSTRY 
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Machinery is used in every industry nowadays with a consequent vast saving of human labour, which is one of the causes of unemploy* 
ment in the modern world. Here we see a 6o-horse*power caterpillar tractor at work taking 1,250 logs of 165 pounds each from the 
forest in Ontario to the pulping station where they are turned into pulp for paper. The use of the tractor instead of horse labour saves 
about threepence on each log, a tremendous economy when the number of logs dealt with is considered 
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Here is what is described as the biggest wood pile in the world. It is at Damascus in Virginia, and the wood is piled up or removed 
as required by an ingenious machine known as a wood^piler, which does the work of many men using a crane in the old*fashioned way, 
and does it in a twentieth of the time that woiald otherwise be necessary. The saving in cost, as can be supposed, is very great 
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HOW THE WEATHER IS MADE 

A great deal of our welfare and happiness depends upon the weather. Bad weather means poor crops and 
dear food, and a rainy summer spoils our holiday. It is important, therefore, that we should understand 
something about the causes that make the weather and here the matter is explained so that all can understand 


T he weather is vt.‘ry tickle. We 
never know for more tlian a day 
or so what the weather will be 
like, and succeeding years are very 
different from one another. In one 
year we may liave a warm March arifl 
a cold, blustery April, whereas in tha 
following year March may bring us 
frost and snow, while April may be a 
month of sunshine and blue skies. 

What is it that makes the weather, 
and why can we not look ahead and 
know what the weather will be, so as 
to arrange <^ur outings and holidays for 
the fine spoils ? 

In the old days, before education was 
compulsory, there were some people 
who, when they were arranging an 
outing, used to look in Old Moore ’.s 
Almanac to sec what the weather was 
going lo be. Of course, sometimes the 
almaiuic was correct by chance, but 
more often it wa.s wrong. No ont) can 
prophesy the weather weeks ahead, not 
even the scientist 
wfio gives his life 
up to the study o1 
m<*tt‘orok)gy. 

The Cyclones 

f.et u.s look at 
the causes of bad 
and good weather. 

We often read in 
t)i(i wcalliei report 
about cyclones 
a n d anticyclones. 

Sometimes the 
cyclones are called 
depressions or 
simply "lows,” 
becaustj the raer- 
cury stands low in 
the barometer 
tube owing to the 
pressure of the 
atmosphere being 
light. Anticyclones, 
on the other hand, 
are called ” highs, ” 
because the mer- 
cury in the baro- 
meter stands high 

owing to the pressure of the atmosphere 
being greater. Perhaps wo know in a 
general way that a cyclone means wet, 
windy weather, while an anticyclone 
means sunny and calm weather. But 
if we are to understand the weather we 
must know rather more than tliis. 

When ordinary people use the word 
** cyclone,” wmch comes from the 
Greek word for a circle, they generally 
think of one of those violent storms that 
occur in America and elsewhere, in 


which the wind whirls round iii a circle 
or spiral at such a rate as to unroof 
houses, blow trains off the railway 
line, and .sometimes evfn carry away 
buildings. 

Such a storm is a cyclone, but it is 
not quite the .same thing as the cyclones 
which wc get in Great Britain, although 
there i.s a simila:jty. 'I'he violent 
cyclones so common in the United 
Slates and in West Africa are perliaps 
bettor called tornadoes, as that word 
IS not likely to get contused with the 
” cyclone ” relerred to in the British 
weather report. 

A Tornado's Tremendous Force 

The tornado, which is a whirlwind or 
ma.ss of air rotating round an axis, may 
be 200 fet‘t in height, but its breaclth 
is oiten not more than lo feet, and 
while the rotating wind sometimes 
whirls round at as much as 500 miles 
an hour, the whole revolving .spiral is 



The cyclones and anticyclones which n:iake our weather follow one another in more 
or less quick succession. If they always followed along the same line then this picture- 
diagram would represent the directions of the winds and wc should be able to foretell 
the weather with far more accuracy than we do now. We are supposed to be looking 
down on the cyclone and anticyclone from above 


carrusl forward across exiunlry fre- 
quently at a .speed of anything up to 
40 nirle.s an hour. Nothing can resi.st 
the tremendous force of a tornado, and 
everything in its way is mown down a.s 
by a scythe. 

Now the cyclones that our weather 
reports speak of, whiidi pass across 
Great Britain, are also rotating winds. 
I'hey not only swirl round spirally, but 
are also carried forward as they rotate. 
These cyclones, however, are not 


whirling at anything like the terrific 
rate ol the smaller tornado. 

They generally advance from the 
south-west, .starting far out in the 
Atlantic, and passing across the British 
Isle.s toward.s the north-cast. Occa- 
sionally, however, they may travel in 
the opposite direction, and while the 
wind of the rycloric is whirling round 
with a circular or spiral motion, the 
whole thing may not make any forward 
progress at all, but remain stationary 
over a certain area for a time. These 
cyclones, when they advance, generally 
move forward at a rate of from 20 to 
miles an hour, hut .sometiim;s they 
attain a sihhmI ol 70 or 80 miles an hour, 
and then we exjieneiH v a gait' ot 
hurricane. 

The cyclone rotates not in the same 
direction as the hands ol a clock move, 
but in the opposite direction, and it is 
sometimes so big as to cover the wliolo 
of TCrigl.uid. It may last for two or 
three days, and 
during that time 
we have almost 
c 0 n 1 1 n u o u s bad 
weather. The 
(1 lame ter ol the 
cyclone will vary 
from 2,000 to 3,000 
miles, and its lorin 
IS sometinu‘s oval. 

Warning Signs 

We may know 
when a cyclone is 
approaching by the 
closi'iiess ol the air, 
the muggy feeling, 
the fact that drains 
begin to smell, and 
that people subject 
to rheiimat’sni fetd 
pains in their joints. 
Cirro-stratus and 
cirrus clouds 
appear in the sky, 
and very often 
there is mist. Then 
come showers, or 
drizzling rain, and 
the wind begins to blow in gusts. 

All this time the barometer has been 
falling, for when the air is tlamp it is 
less dense than when it is dry, because 
the vapour of water is only about three- 
fifths the density of air. This means 
that there is less weight of air pressing 
on the short arm of the mercury baro- 
meter, and .so the mercury tliere can 
rise, which causes it to fall in the long 
tube of the barometer against which the 
scale is plac^ed. 


WOJVDERS OF LAND AND WATER 


After a time the baronu^ter ceases to 
fall, and then there will probably be 
a short interval ol tiue weather. This 
nu‘ans that \v<‘ an" »iow in the ecutre 
of the cytloiu*. round which the winds 
are whirliiij^. 'rhen follow s<juaUy 
showers, ami the clouds now take on the 
< umulus form, that is, they appear as 
^real woolly masses. I'liis is the 
typ<‘ of ( loud that follow .s a cyclone, 
just as cirrus or ciruestratus clouds 
y»reu*dc it 

Sometimes a secondary i yi lone may 
fKCiir at the outside (‘d«(‘ of the main 
cyclone, and this is spoken of by 
in et(*Qrol odists as 
a “ s<‘C()ndar\' depn's 
si on/' The wind 
t;c*nerally blow’s in 
liihsts, and the motion 
the secondar\ 

<l('pression is generally 
parallel to that of thi 
main or ]> r i rn a r v 
<yt‘lone. Often wdien a 
weatJier forec ast proves 
false this is due to the 
sudden Icjrmation ol a 
sec ondary d(*pressioM 

Secondary Cyclones 

When w'e get a had 
s|Hdl lasting for a week 
or more it is usuall\ 
dm- to the tact that the 
primary cycloiu* has 
lu'en followed bv a 
sut'Cf'ssion t)f secondary 
<lepres.sioiis. 'Phere 
may even l>e a succes- 
s 1 6 ij of ]) r i in a r \ 
eycloi les, la .s t i ri g foi 
several wH*eks, and 
these are often followe'd 
by what is know*n as an 
anticyclone. 

This, as its nanu^ im- 
plies, IS the opposite ot 
a cyclone . The pressure 
ot the air is greate.st at 
its centre, but the read- 
ings of the barometer 
do not vary so much 
l>t*t'wc‘eii the centre and 
the outside as in the 
case of t he cyclone Th(* 
re‘sult is that there is 
but little wind mov(*- 
ment and the centre ot 
the anticyclone is 
g<*iK'raUy a calm. 

What wind then* is blows outwards 
ironi the centre, and not inwards as is 
the CiivSe with the cyclone, and the 
mo\ ement is in the same direction as 
t he hands of a clock . The breezes of an 
anti< yclont* are gentle and the w^eathei 
accompauving it is sunny. The des<*rt 
regions ui tlie world are regioni.s ol 
anticyclones aiul sometimes many years 
elapse without such j>laces ri'ceiving 
any rain at all. 

The anticyclones are 'usually much 
larger than cyclones, and tjometimes 
cover not only the whole of the British 
Isles but the Continent as well, and 
extend over half the ocean. The w hole 
anticyclone moves along generally in a 


direction from east to west, though 
sometimes it is from north-west to 
SK^uth-east. In summer time the anti- 
cyclone brings us dry W'arm weather, 
but in winter dull w'cather with fogs, 
as there is little wind to blow the fogs 
aw'ay when they form. 

Now w^e see from all this that it is 
during an aritiryclone that we have out 
spells of tine weather, but these are 
spoilt by a cyclone charging into the 
auticycloue at from 20 to 50 miles an 
hour 

It IS the cydoiie, therefore, whu h 
real I V' makes our weather, but that 


hu t (k)cs not carry us very far, lor we 
naturally want to know what makes 
t he cyclone. The cau.scs of anticyclones 
are unknown, but men of science who 
study the weather have found out some- 
thing which explains to .some extent 
the cause of cyclones. 

Cyclones on the Eiirth arc causetl 
by cyclones on the Sun, though on the 
great luminary 93 million mile.s aw^ay 
a cyclone i.s something quite tlifferent 
from what it ia on the Earth. We 
call a solar cyclone by the misleading 
name of ** sunsjpot.'* 

Long ago, Wore telescopes had 
reached the perfection that they have 
now^ astroimmers watching the Sun's 


lace noticed that certain dark spots 
apix^ared and travelled across tbe 
drsc. They had no idea what caused 
those , but they spoke of them as 
sunsjx>t.s. In more recent yeora the 
true nature of a sunspot has hetti 
discovered, and wo read something 
about it on pages 566 to 368. 

A sunspot is really a vast cyclone in 
the incande.scent vapour which en- 
velopes the Sun, a kind of whirljxKil of 
fire mist. 

Astronomers further discovered that 
the solar cyclones change their latitude. 
\^'hon th<n' are at their minimum they 
appear in high altitudes, 
tar from the Sun's 
Kjuator. rhen as they 
approach the maximum 
they get nearer and 
nearer to the solar 
equator. Now the 
meteorologists or 
weather students have 
found that cyclones on 
the Earth take a more 
northerly course m 
some years and a more 
southerly cx>urse in 
r>thers. 

Bringing the dis- 
I’overies of the astro 
nomers and tbt' 
meteorologists to- 
gether, wtj learn that 
the direction of tin 
I^arth's cyclones * coi • 
resjionds to some exttnil 
with the direction ot 
the Sun's cyi lones. 

Lunar Influence 

Owing, however, to 
the fact that the 
ICarth's surface is 
varied, part of it lieirig 
.sea, part mountain, 
part level ccmnlry, ami 
so on, the Earth's 
cyclones are deflected 
a."gof>d deal out ol theii 
course. Further, the 
pull of the Moon, w'hich 
cause.s th<^ tides, also 
has something to do 
with the direction in 
which a cyclone moves 
over the K a r t h's 
surface, 

It is clear, tlierefore, 
that while we aix' only 
just beginning to know how our 
weather is made, we know at any rate 
that it is due to what hapTx?ns on 
th(? Sun. The weather is made by the 
cyclone, the cyclone is made by the 
sunspot, and if we want to carry this 
iiou.se-that- Jack-built story still further 
w"e must tiim to page 368 and learn 
what causes sunspots or solar cyclones. 

It should be explained that the 
description given in these pages refers 
to cyclones and anticyclones in the 
Northern hemisphere. In the Southern 
hemisphere the fat^ts are similar but 
the direction in which the wind blows 
is, owin^ to the Barth's rotation^ 
slightly different. 



Till!* pictur^-diAgram show.** how the winds blow during a cyclone and an anti-cyclone 
in the Northern heinisphcrc. The curved arrows show the actual directions and the 
straight arrows how the winds would blow if they were not deflected by the Earth's 
rotation. In the centre of a cyclone the barometer registers low pressure, and in the 
centre of an anti-cyclone high pressure 



Here we see how the winds blow during a cyclone and anticyclone in the Southern 
hemisphere The rotation of the Earth defects the winds differently in the two hemi- 
spheres, as can be understood if we think of the matter while rotating a smalt globe 
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An immense variety of rock forms can be seen in different parts of the British Isles, and some of these are shown in these Geological 
Survey photographs, which are reproduced by permission of the Controller of His Majesty’s Stationery Office. On the left we see 
welM^ded limestones with shales and mudstones crossed by Aip overthrust, the whole steeply inclined This formation is at 
Harness Slade in Pembroke, and shows stratification very clear^t The right-hand photograph, taken at Broad Haven Pembroke, 
shows a remarkable monoclinal fold- that is, a dip in a strata in direction. There is a striking overthrust which enters the cliff in 
the background and the whole looks like an artificial sea wall. I^overthrust is a fault or split in the strata and a moving of the rocks 
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Hw on the left is a striking example of the way in which rocks have become contorted and folded by lateral pressure as the Earth^s 
en»t cooled and shrank. It shows layers of black slates and limestones on the island of Kerrera near Oban, and the way the folding 
has taken place can be seen by a sin^ experiment. Lay several layers of cloth on the table, spread a board on top, and then, with 
two books press the enito inward. The cloths will become folded and contorted like the strata in the photograph In the right-hand 
photograph we sae the *' Meedtte near Wick* In Caithness. This arch has been carved by the sea out of the solid red sandstone 




THE FORESTS THAT HOLD THE SOIL ON THE HILLS 



Forests and woods on mountain slopes and hillsides are of the greatest importance to mankind, for the roots of the trees hold together 
the soil and prevent it being washed awav bp the rains and floods that pour down the slopes. In many parts of Europe where men 
have cut down the trees and destroyed the forests the soil has been washed away and nothing but bare and barren rock remains. 
Not only does the destruction of the forests result in the loss of the soil on the slopes, but by removing all obstacles such as 
trees and the tangle of undergrowth it causes the water after the storms to pour down into the valleys as destructive torrents This 
photograph shows the well«wooded hills near Delaware in Pennsylvania. Here the soil is properly protected and held securely to the*slopes 
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THE MUTINY OF THE BOUNTY 

The mighty British Empire has been built up in many different ways. Some of it has been won by 
conquest, some by settlement and colonisation and some in other ways. But no part of the Empire has 
had such a strange origin as the little solitary fragment of land away out in the Pacific Ocean between 
Australia and South America, which is known as Pitcairn Island. Here is the strange and romantic story 


W HEN Captain Cook visited th<‘ 
Society Islands in 176c) Sir 
Joseph Banks, the distinguished 
hot^uiist who was with him, declared 
that the bread fruit tree which grew at 
Tahiti would be an excellent plant to 
introduce into the West Indies. 

Seventeen years later some Wc'st 
Indian merchants asked the British 
(Government to help in intrcKlucing the 
bread fruit tree into Jamaica, and it 
was arranged to send a ship out to the 
Society Islands especially equipped for 
carrying young plants across the seas. 
The ship selected was the lUn 4 nty. a 
small vessel of 215 tons with a com- 
plement of officers and men numboring 
45, und<*r the command of Li(‘utenant 
William Bligh of the Koyal Navy. 

Bligh had served for lour years with 
('apt a III Cook as sailing master of tJie 
ResoluUon, and had already visited 
Tahiti and the adjacent islands. 

Those were days of bullying in 
the navy, and Lieutenant Bligh, 
wlio afterwards became an admiral, 
seems to have* been a bully of the 1 
first water Even in later life, 
when he became (Governor of New 
South W'dicb. his harsh exercise ol 
authority towards military and 
civilian subordinates alike led to 
.seiious trouble. So unreasonable 
was his conduct on that occavSion 
that hi‘ was doixised by a junior 
ollicer aiul impri.soiied. 

TIk^ officer was later tried by 
(Gourt Martial and cashiered, but 
no other pimishinent was meted 
•out to him, which suggests that 
there was reiison for his action 

Trouble Begins Early 

Tlie sliip was carefully fitted out 
at Deptford in the 'rhames, and a 
cabin on deck set apart for the 
preservation of the bread fruit 
pliuits. Lieutenant Bligh had a 
small cabin on one side and a 
place near the middle of the shij) 
to cat in. On each side were the . 
bertlis of the mates and midshij)- 
men together with the arms chest. 

The cabin of the master of the ship 
in which the key of the arm.s chest 
was always kept was opposite to 
Lieutenant Bligh's. 

The route was to be round Ca^ 
Horn, and the ship was victualled for 
an eighteen months’ voyage. On board 
there were four 4-pounder guns and ten 
«wivels with a quantity of ammunition. 

Trouble began before the ship sailed. 
Bligh was made purser as well as 


commandt.*!, and lieing ol a very sus 
picious turn of mind he accused his 
nu‘11, while the ship was fitting, oi 
stealing the stores As far as < an be 
as( (*rtaine<l there was no justification 
for the charge, and naturally ilie men 
were very rcseutl'd The commander, 
wlio was of an irritable and j)a.ssi(jnate 
disposition, beca!n(‘ exceedingly un- 
popular from the start 

The Bounty left the rhames on 
(October 9th, 1787, and anchored at 
Spit head on November 4th It was 
some weeks before a start could be 
inado owing to vveatlu'i conditions, 
but at last on December 23rd, with a 
strong easterly wind blowing, tlu‘ 
Bounty .sailed away The wind in- 
creased, and during the next day or 
two a good deal of damage was doiu* 
to the sliip and its boats. At Tenerilfe 
a stop was made to take in watiT and 
win(‘, together with some beef, but the 
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Lieutenant Bligh, who commanded the Bounty, From 
the painting by Sir Joshua Reynolds 


meat proved so bad that most of it 
was thrown overboard by the men. 

On January 14th, after leaving 
Tenon tfe, Lieu tenant Bligh told the 
ship’s company that as it vyas doubtful 
whether the vessel would be able to 
round Cape Horn so late in the season 
and the length of the voyage was 
therefore uncertain, it would be neces- 
sary to l>e very careful of the provisions. 


particularly ol bread He then ordert'd 
the allowance fd bread to bo reduced 
to two-thirds, but the arrangement 
was agreed to (piito cheertully and 
grog was served out in place ol the 
re.se rved bread 

The weatlier now became fine, and 
the commander orilered that the 
cheeses whicii were on board should be 
broiiglit u]) on deck to be aired When 
the casks were opened two cheeses 
were missing, aiici thereupon Bligh 
declaretl angrily that they had been 
stolen 

i‘h(‘ I DOper pointed out that tlie cask 
had be(‘]i opened while the ship was in 
the Thames and that Lieuteiuiut Bligh 
himsell had ordtTcd the clu'cses to Ix' 
taken on shore. Bligh tluTtmpon 
ordered tlie allowance t)f cheese to the 
mi'll to be stopped till the defieiency 
caused by the io.ss had been made up. 
'rhen, turning to the cooper, he de- 
clared that he would have him 
Hogged if he .said anything more 
about it 

L.iti'r on butter was i.ssncd and 
tlie seamen refusisl to accept it, 
alleging that if they took the 
butter without the cheese it would 
be a tacit acknowhxlgt'ment of the 
theft. At this point an able-]>odieil 
seaman declared that he himself 
had t’.arrietl the cheeses to Lieu- 
tenant BligJi’s house together 
with a cask of vinegar and other 
things. Naturally the whoh* epi- 
sode of the cheeses made relations 
still worse between tlie com- 
mander and his nii'ii 

Pumpkin Instead of Bread 

When the shij) appioathed the 
Equator a number oi pumpkins 
which had been taken on board 
at renenlfe began to spoil, so to 
make use ot them quickly they 
were issut'd to the ship’s company 
in lieu of bread, one pound of pump- 
kin being given in pliicc of two 
pounds of bread This the crew 
>m refused to acce]>t, and when the 
commander was informi'd he wt'tit 
on deck in a towering rage, called 
all hands together and ioln Mr, Samuel, 
the ship's clerk, to summon the first 
man of every mess and let him see who 
would dare to refuse it or anything 
else that he should order to be servecl 
" I will make you eat grass or 
anything I can catch before I've done 
with you,” he exclaimed. At this, 
al. the men, including the oflficers, 
accepted the pumpkin ration. 





ROMANCE OF BRITISH HISTORY 


A tier rt time rations hc^an to 
short. anH it was then stated that the 
tasks roiitaiiiui^ the and pork had 
never been vveiglicd and weie short 
Thf ( row went to the mastei and asked 
linn to iiKpiire into the matter, and d 
the Wf'ight rctiliy proved to be short 
to pRX'iire them redress 

The master, Jolm Fryci, earned the 
rompl.iint to Lieutenant Bligh, who at 
«>na' oidered all hand^ atl and inlormed 
them th.it evcrylinijg relative t<j the 
provisions was tiansacted by his orders 
rtiey need, tlierelore. make no com- 
plaints tor thf'y would obtain no 
rexiress Jle was the fittest judge, he 
said, ot wlial was right or wrong Then 
he eoneinded by slating that he would 


fherc were frequent quarrels atx)ut 
the fcKKl allowance, and in some ot 
these men were inpircd A mnnljei 
tell sick I'he weather Ixicanie worse, 
and Lieutenant Bligh then declarecl 
that as the passage round Capt' Horn 
was impracticable that year, he in* 
tended bearing away lor the Capt? ol 
Gootl Hope 

Attei an uiieventtul voyage. iJie 
bounty rcJiched the Cape ol Go(xl Hope 
and anchored at Table Bay on May 
25tli Fresh provisions with bread 
and wine, were naturally very welcome 
to both oflicers and crew The ship 
was overhauled and re-fitted, the 
rigging and sails lieing repaired and 
♦ hf hull eanlked 


a respectable rale lor those days Lieu 
tenant Bligh gave his men instructions 
not to mention to the natives that 
Captain Cook was dead No one was 
to use firearms c'xcept in defence ol 
his life 

A supply ol iresl) food, including 
plenty of coconuts and vegetables, 
proved a great boon and tJie sick began 
to recover It was found, howevci, 
that bread Iruit plants were scarce 
The native chiels inquired alter the 
various Englishmen whom they had 
known during Captain Cook’,s visits, 
and they mentioned that they had 
hoard a report that Cook had Ixien 
killed, though apparently they knov 
nothing of the circumstances 
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was broached tin . 
best pieces wen ^ 

taken out tor tin . or u 

..ominauder's liihl. Lieutenant Bligh and 

while they wen* 
compelled to take 

then chance ol what temuiiiecl in 

common wiili the men 


i, 


his companions being cast adrift Irom the Bounty by the mutineers 
From the painting by R. Dodd 


The bounty then sailetl for lasnnxina 
and after a boislcious passage reached 


At first p r o • 
, ; . ; . visions were 

* ; / * ' ' . plentiful, but after 

f a time, when the 

. ^ supply fell ofi, 

, r . Lieutenant Bligh, 
according to James 
; Morrison , the 

k ; boatswain's mate. 

seized everything, 
taking all for hh-. 
own property and 
X . . only serving u 

y ^ V pound per man 

mastei pointed 
, . out that the pigs 

ntu by the mutineers property. 

Lieutenant liligh 
replieri that every 
ilung belonged to tlie comrnandt'r as 
soon as it cam<^ on board, that he 


On March 23rd the bounty reached 
'Fiorra del Fuego, and the men were in 
tiigh spirits at the prosjxict rd rounding 
Ca|X! Horn On that day a sheep died 
and Lieutonfiiit Bligh ordered it to be 
issued in lieu of the day's allowance ol 
pork and peas, declaring that it would 
make* a delicious meal It weighed fifty 
]X)unds and was divided up. i>ut most 
of the men threw their ixirltons ovei* 
iKiard Some dried shark was then 
supplied in its place for Sunday 
dinner, but this proved to be nothing 
but skin and bone 

The w^eallujr now b<»came bail, wnlh 
hail, ram, sleet and snow following 
one another in heavy squalls The 
cold was intense, and the heavy rolling 
of the ship and the terrible conditions, 
with sliort rations, began to tell on 
the health of tlie men They were 
perpetually wet, and rations were so 
short that it was no uncommon thing, 
when the boiled wheat and barley were 
served out of a morning, foi lour men 
in the mess to draw lots for the break- 
fast, one eatiiig the whole supply and 
tiie others going without 


that laud Here woex! and fresh watei 
were obtained, and large quantities ol 
fish caught 

Lieutenant Bligh seems to nave 
become more ill-temixired and bullying 
than ever He accused some ol his 
officers of inattention to duty, which 
greatly amioyed them, and he also 
put the carpenter in confinement foi 
some trivial offence Matters wcr<* 
not improved when scurvy made its 
appearance, and the men bcjcamc ill 
and weak 

Quarrelling on Board 

The voyage w'as continued, but 
durinjj the passage Lieutenant Bligh 
and his messmates, the master and the 
surgeon, fell out and separated, each 
taking his part of the food away and 
retiring to live in his own cabin 
They seldom spoke to one another 
except when duty required Other 
quarrels also occurred 

At last, on October 25th, 1788, the 
Bounty arrived at Tahiti, having 
covered 27,086 miles at the rate 
108 miles for each 24 hours of sailing 


would take nine-tenths of any man’s 
property, and let all beware of saying 
anything to the contrary 

The collection of biead trint plants 
began, «ind over a thousand were 
collected and taken to the ship 

One amusing incident occurred during 
the stay at Tahiti The ship’s barber 
had taken with him from Loudon a 
painted head such as hairdressers iis<*d 
to have in theii shops to show thci 
different fashions of hairdressing It 
was dressed up to look like a woman, 
.md the natives crowded on board 
to see what they supposed was an 
Englishwoman They actually asked 
Lieutenant Bli^h if it was his wife. 
Presents were given to tlie dummy, but 
at last they discovered the hocuc. 

On January 5th, 1789, the small 
cutter of the Bounty was found to be 
missing, and Lieutenant Bligh at once 
mustered the ship's company, when it 
appeared that three of the crew were 
aosent — Charles Churchill, the ship's 
corporal, and two seamen, William 
Mui^tat and John Mill ward. Examina- 
tion of the ship was made, and it was 
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THE “FLAME-BIRD” IN ITS FIERY PLUMAGE 



'5(5SSss. 


It is the fttme-cobur of its roseate feathers that gives the flamingo its romantic-sounding name. Primarily a wading bird, with large 
webbed feet, it can also swim, but because of the disproportionate length of its legs, it is only a moderate flyer. When fully grown 
the adult bird is often over six feet tall. Standing in several feet of water, the flamingo feeds in a curious manner : because of the 
sharply down-curved shape of its bill it has to bend its long neck until its head is upside down ; it then stirs the mud with its feet 
and scoops up and sifts it with its bill for the shellfish and water plants that form its food j it raises its neck in order to swallowi then 
bends again tot the next mouthful. The bird flourishes in captivity and there are specimens in most large zoos. Sec also in page 1185 
To jMe pitgt 1177 
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lound that they ^had taken with 
them eight weapons and a quantity ot 
ammunition. 

Lieutenant Bligh went on shore and 
discovered that the boat was at a 
place called Matavai, some distance 
away, and that the deserters had 
departed in a sailing canoe for another 
island. The chiefs, at Bligh 's request, 
went after the deserters, and seized 
them and bound them, but the men 
prevailed upon the natives, by promises 
of returning peaceably to the ship, 
to let them loose. 

As soon as they were free they 
obtained possession of the firearms, 
and then escaped to a place some 
miles away. Some natives took tlie 
cutter back to the ship, but Bligh told 
the chiefs that he mu.st have the 
deserters before he left Tahiti 

A Rough Way with Deserters 

l^Icanng that they were at a place 
five miles away, Bligh went after them, 
and when he found them hiding in a 
hous(i called upon them to surrender. 
They did so and were carried liac k 
prisoners to the ship, when Churchill 
was given two dozen lashes and the 
other dtiserters four doztiii each. 

A midshipman, Thomas Hayward, 
was accused of being asleep on liis 
watch at the time the men got away, 
and he was put in irons fcir a montli 
and threatened with a flogging. Never 
was there a greater fiogger than Lieu- 
tenant Bligh. Natives and Europeans 
alike all came under the lash. Flogging, 
indeed, was his remedy for everytliing 

It is necessarv’ that we should have 
a knowledge ol all this preliminary 
history of the Liomitv, in onh^r that 
we niay understand what followed 
Tlie men had now remained so long at 
Taliiti that they were beginning to 
get ciKirvcitcd by 
the more or less 
easy life, and so 
Lieutenant Bligh 
preparetl to sail for 
the West Indies. 

On April 4th the 
Bounty bade fare- 
well to the Society 
Islands, carrying 
with it a supply 
of pigs, vegetables, 
fowls, plantains 
and yams. At 
the Friendly Isles, 
where the Bounty 
called, the natives 
proved trouble.some and tried to steal 
casks and other articles. However, a 
supply of yams and coconuts with 
wood and water was taken on board, 
and on April 26th the Bounty set 
sail once more. 

Ill the afternoon of the following 
day Bligh missed some coconuts which 
were piled between the guns, and said 
that they had been stolen and that 
this must have been done with the 
knowledge and connivance of the 
officers. All were called up and ques- 
tioned, but they declared to a man that 
they had not seen anyone touch them. 


to which Bligh replied rudely, " Then 
you have taken them yourselves.” 

He ordered William Elphinstone, the 
ma.ster’s mate, to go down and hruig 
up every coconut in the ship, which he 
did. There were large quantities, as 
the sailors had made considerable 
purchases on their own account. Bhgh 
then questioned each oflicer as tf) the 
number of nuts he had bought, and 
going up to Fletcher Christian, asked him 
to state the number in hi.s posse.ssion 
1 really don't know, sir,” replied 
Christian, ” but 1 hope you do not 
think me so mean as to be guilty of 
stealing yours.” 

” Yes,” said Bligh, ” you hound, 1 do 
think .so. You must have .stolen them 
from me or you could have given a 
better account of them. You rascals, 
you are all thieves alike and combine 
with the mtiii to rob me. You will 
st<‘al my yams next. I will flog you 
and make you jump overboard before 
w<' reach Endeavour Straits.” 

Fletcher Christian, it must he ex 
plained, was no rough .seaman iroin 
the tlregs of society He was a Cum- 
berland man with relatives <)t .sonu; 
distinction in the Isle of Man His 
brotlier was professor ol law at ('am- 
bridge Cniversity and duel Justice of 
Ely. Fletcher was 24 years old and 
had twice before sailed on voyages with 
Lieutenant Bhgh 

Amazing Behaviour 

riie eommandeCs M‘marks to bun 
were int('rlard(^<l with offensive .swear 
words, and it tieenis an amazing way 
for a (ommaiider of the British Navy 
to speak to his officers. In these days 
he would he cashiiied. Even for the 
eighteenth century*! Lieutenant Bligh'.s 
attitude to liis cSScers and men was 
exce])tioiial 



After abusing the officers, he called 
Mr. Samuel, the clerk, and ordered him 
to stop the grog and give only half a 
pound of yams to each person on the 
next day. All the coconuts were then, 
by Lieutenant BUgh's orders, carried 
aft, and he went below. 

Some of the officers grumbled, but 
Fletcher Christian said nothing ; he 
merely went into his cabin. In 
the evening Lieutenant Bligh sent 
Christian an invitation to take .supper 
with him, but not unnaturally he 
declined, alleging in excuse that he 
was not well, 
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Now began a series ot events that 
has become historic. Just before 
sunrise on the morning of the 28th 
Lieutenant Bligh was awakened by the 
sound of people entering his cabin. 
When he opened his eyes he saw 
('hristian with the master- at-arms, 
Charles (Churchill, the gunner's mate, 
John Mills, and an able .seaman, 
Thomas Birkett, just about to seize 
him. 

'i'hey tied Jiis hands with cord 
liehind his back, threatening him. so 
he declared, with iirstaiit death if he 
spoke or madt* the least noise Bligh 
tells us that he called out as loudly as 
he could, hoping that assistance would 
come, but tlie mutineers, for so they 
proved to be, had already secured the 
officers who wt*re not of their party, 
by placing sentinels at their doors. 

The Bully Bullied 

Ikisides the four men in Jjcntenant 
Bligh’s cabin, there were thrt*c others 
at the door. Christian was carrying a 
cutlass and the others liad muskiits 
with fixed bayonets After his hands 
were lied Bhgh was forced out of bed 
111 his shirt. He askt‘d the men the 
rea.son for this violeni'e, and the only 
answer he received was an order to 
hold his tongue 

Two midshijiinen, George Stewart and 
Petei Hey wood, liad been awakened 
by the noise on deck, and they saw 
Matthew Thomson, an able .seaman, 
st.indmg at the door of their cabin 
with a drawn cutlitss in his hand. 
Naturally they asked the reason for this 
strange behaviour, and the rejily was ; 
■' Mr. Cliristian has taken the vessel 
and is going to carry Lieut cnant Bligh 
as a })nsoner to England.” 

Peter HcywcKKl at once dressed him- 
self and, going on deck, found that the 
mutiny was a real 
fact, ("hristian 
orden^cl tlu^ boat- 
swain and the 
carpenter to hoist 
out t h large 
cutter and, beckon- 
ing to Hey wood, 
ordered him into 
the boat ” What 
liarm have 1 ever 
done you,” asked 
Hey wood, ” that 
you should bear so 
hard upon me? I 
trust you will 
relent.” In the 
end Peter Heywood remained on the 
Bounty, being accidentally left liehind 
ill the confusion. 

According to his own account, Lieu- 
tenant Bligh tried to persuade the 
people near him not to persist in such 
acts of violence, but without effect. 

The evidence afterwards given by all 
the other people on the ship contra- 
dicted Bligh 's statement. Apparently 
he did nothing whatever to stay the 
mutiny, although he aftcrwiirds tried 
to throw the blame on young Heywood. 
suggesting that he should have raised 
a party and rescued his commander. 

» F 4 



Pitcairn Island as it appears rising out of the sea 
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of course, in the (imiinstances, this 
was quite im])Ossjl)le 

James Morrison, ttic iKiatswain's 
mate*, 111 a journal which he left, says 
that ht* and the master and three or 
four seamen projiosed to make attempts 
to re take the ship, but that when thi^ 
was suspetU'd tlie master-at-arms and 
another mutineer told his own party to 
stand to their arms. As resistance 
seemt'd usele.ss. Morrison tlioupht it 
well to assist in getting out the launch, 
as others unconnected with the miitiii)' 
were d(hng. Chri.slian forbade that 
any tirearms shoulrl be given to the 
party m the boat, but William Purcell, 
the carj>enter, was allowed to take his 
chest oi tools. 

The bc>at was soon so detiply laden 
as to bt scarcely seven inches alxivi* 
the water’s edge, and Lieutenant Hligh, 
seeing this, implored ('hristian to relent, 
saying, “ I will pawn my honour, Mr. 
Christian. 1 will give my word never 
to think of tliis if you will desist 
Cxmsider my wife and family." 

To this Christian replied, ' No, Lieu- 
tenant Hligh. If you had any honoui 
tilings would not have come to this 
extremity, and if you had any regard 
for your wife and family you should 
have thought of them before and not 
behaved so like a villain as you have 
done." 

When the Ixiatswain attempted to 
soften Christiiui, the latter replied, " No, 
it is too late, Mr. Cole. 1 have been 
m hell this fortnight past, and am 
determined to bear it no longer. You 
know that during the whole voyage 1 
have been treated liki* a dog," 

The mutineers, ha\dng forced such of 
the .seamen .'is they meant to get rid of 
into the boat, Christian directed a dram 
of rum to Ikj sowed to each of his own 
crew, 

Hligh was meanwhile kept apart 
Irom everyone, Christian holding him 
by tJie cord and guarding him with a 
bayonet. Then Bligh's hanols were 
released, and he w'as ordered int<i the 
boat. He was allowetl to take hi.s 
clothes, and Christian handed him a 
lxK)k of nautical tables and his own 
sextant, saying, That book, sir, is 
sufficiomt for every purpo.se, and you 
know my sextant to l>e a good one.’' 

Four cutlasses were then thrown into 
the boat, a few pieces of |.X)rk, and the 
launch was cast adrift, the armourer 
and carptniler calling out to Lieutenant 
Bligh to remember that they had no 
hand in the transaction. 

It was now 8 o’clock in the morning, 
and the sea was calm and wavele.ss 
with little wind. There were in the 
Bounty* $ launch beside the commander 
eightwn other persons, and there 
remained on the ship Fletcher Christian 
together with 24 others. Lieutenant 
Hugh ordered his men to row as fast 
as possible towards the Friendly Isles, 
which wert! 25 or 30 miles away. 

And now we must leave him and his 
companions and see what happened on 
the Bounty. 

The midshipmen wanted to go in the 
launch, but were detained bemuse, as 


Churchill said. "If anything should 
ha])}xm to Mr. Christian, there would be 
no one else to depend upon for navi- 
gating the ship." 



John Adams, the mutineer, who reformed 
and taught the Pitcairn islanders the 
practice of the Christian religion 



Thursday October Christian, son of the 
mutineer, who was the first person to be 
bom on Pitcairn Island 


Fletcher Christian took command 
and directed the Bounty's course for 
Tahiti. AU the breacl fruit plants 
were pitched overboard. Hut things 
did not go well with the mutineers. 
Some who hiul not taken part in the 
mutiny endeavoured to form a plot 
to re take the ship, but the plot was 
detected. Christian, however. s(‘cms 
to have retained the respect of all those 
on board, and he was invariably ad- 
dressed as " Mr. Christian." 

The Bounty arrived at Matavai Bay 
in Tahiti on June 6th, 1789, 39 days 
after the outbreak of the mutiny, and 
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the natives flocked on board and were 
delighted to see their old friends again, 
particularly Fletcher Christ ian. They 
had always disliked Lieutenant Hligh. 
They were, however, surprised to sec 
the ship again so .soon. 

Hligh h.id formerly represented him- 
self as a son of Captain ('ook, and 
Christian now told the natives that the 
Bounty had met ('aplain Cook on 
another vessel, which took Hligh and 
certain of the others on board, and sent 
the Bounty back to I'ahiti to collect 
hve-stock and provisions. The simple 
islanders believed the story, and were 
only toti willing to do anything for then- 
friend Captain Cook. 

Hogs, goats, and fowls, with dogs, 
cats, and a bull and cow. w^ore st‘nt (m 
board, and Chri.stian decided to sail for 
the island of Toobouai. at which he had 
called on his way, but had soon left, 
finding the natives apparently hostile. 

When the Bounty skilled from 'l ahiti, 
there were on board, in addition to the 
mutineers, nine Tahitian men, twelve 
nativ'e women, and eight boys. At 
Toobouai, the riativiKS proving more 
friendly, the party landed, and ( hristian 
marked out the site of a fort aiul dug a 
ditch 24 feet all round, taking part 
himself in the hard work with the 
other men. 

Hut the naiiv'c.s stKin grew hostil«‘ 
and there Wcis some fighting, in wdiich 
Christian and another man wi'ie 
severely woundt'd, while natives 

were slain. 

Those of the Bounty's ptxmle who had 
Ixjcn innocent of any complicity in the 
mutiny now plotted to m.'1zo the 
largest boat left on the Bounty, which 
was a light cutter 20 fc*(;l long, and 
after provisioning this, to escape during 
the night. The plan was (liscov(Tecl 
and sto]>i*K?d. 

Christian commaiuUs^l that tluni* 
should be no violence towards tlie 
islanders, but some of the mutineers 
resented this and l>egau to take tlu* 
properly of the natives by force without 
any recompense. Christian, finding the 
mutineers were getting out of hand, 
cissembled them and asked them to 
express their ideas as to the future. 

Tlie majority wished to return to 
I'aliiti, and there separate. It was 
agreed, therefore, that the Bounty 
should go back to Tahiti, and tho.w 
who went on shore should receive arms, 
ammunition, and a share of everjdhii^ 
on board. The ship was to be left in 
charge of Fletclier Cliristian in a proper 
condition to go to sea with sails, tackle, 
and other nece.saaries. 

But before they could sail there was 
further trouble with the natives in 
which .sixty men and six women were 
killed. Three friendly natives went on 
board and sailed with the mutineers 
for Tahiti. 

The ship was received with every 
mark of hospitality by the Tahitians, 
and the party that intended to remain 
went ashore, taking their goods with 
them. Christian and tlie others also 
went ashore, and then prepared to 
return to the ship. 
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Two youiif? inidHhipmen, Stewart 
and Heywood, accompanied him to 
the bcacti, but he advised them to 
remain and go off at once on any ship 
of war that might appear and give 
themselvCvS up to the commander 
“ You are both innocent/' he said 
‘‘ No harm can come to you, for you 
took no part in the mutiny ” 

Some of those who remained at 
TalutJ prepared to build a boat with 
which to sail to Java and thence find 
a passage to England, but Stcwcirl and 
Heywood declined to have any part in 
this, preferring to wait for the arrival 
of a ship of war from England 

Trouble, however, soon occurred 
The vessel was begun, and one day 
Matthew Thomson, an able seaman 
had a quarrel with the 
natives He then went 
away to another part 
of the island, and one 
day shot a man and his 
young child Heywood 
and the other English 
residents, except 
Churchill, exiut\ssed 
their sympathy with 
the widow, and cold- 
shouldered Thomson 
He and Churchill went 
off into the interior of 
the island, where they 
soon quarrelled, and 
Tliomson shot Churchill 
He hiid so obviously be- 
come a desjxirado that 
tlie natives decided to 
kill him, and they did so 

At Pitcairn Island 

The work ol building 
the small sjiip now pro- 
ceeded, but after a time 
some gave up the work 
and went to other parts 
of the island, where 


sides and copper nails and bolts it 
was decided to destroy the ship and 
leave no trace which could lead to 
discovery What was left was set on 
fire and the remains finally sunk in 
25 fathoms of water The day that 
saw the last of the Bounty was January 
23rd, 1790 

After this Fletcher Christifin seems 
to have become morose anil moody, 
but nevertheless kept the respect of 
his companions. For three years all 
went well, and then quarrels broke out 
between the Englishmen and tiie 
Tahitian men, who were treated with 
great harshness. At last the native 
men hatched a plot to kill all the 
Englishmen. They succeeded in killing 
five, including Chri'itiaii 
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th^ settled down. Acams i 

By August 5th the 
sliip was finished and 
launched. She was given the name 
of Resolution, and was fitted with 
sails made of matting A trial trip 
proved that the sails would never work, 
and so the long journey to Java had to 
be abandoned. 

But what had happened meanwhile 
to the Bounty ? With nine white men, 
six native men and twelve women, it 
had sailed away to try to find Pitcairn 
Island, a place that Fletcher Christian 
had hearef about and considered likely 
to prove a suitable retreat on account 
of Its loneliness. 

His chart, however, gave the position 
wrongly, and it was found only with 
some difficulty. Tiie Bounty sailed 
round the island and at last found a 
bend in the shore to which tlie name of 
Bounty Bay was given. The party 
landed and made a survey, after which 
Christian divided it into nine portions, 
retaining one for himself and distribut- 
ing the remaining eight parts among his 
Ei^lish companions. 

Eveiytbing was taken from the 
Bonn/y, including planking from her 


John Adams teaching the chili 
which had 


Op Pitcairn Island the lessons of the Bible 
L Iwived from the Bounty 


Demoralisation now .set in, and the 
remaining four Englishmen, feeling 
insecure, came to the terrible decision 
that th^ would destroy all the Tahitian 
men. This horrible plot they carried 
out. Then the Taliitian women plotted 
to kill all the Englishmen, but the plot 
was discovered. The quarrelling, how- 
ever, went on. 

Then one of the number, M'Koy, who 
in early life had been employed in a 
distillery in Scotland, succeeded in 
making an intoxicating spirit. He and 
juiother man drank much of this, and 
one day M’Koy, ni a fit of delirium 
tremens, threw himself from the rock.s 
and was killed. 

The other man, Quintal, became very 
quarrelsome, and at last was so 
dangerous that the remaining English- 
men, Alexander Smith and Edward 
Young, determined to destroy him in 
order to preserve their own! lives, T hey 
did so, and there now remained on 
Pitcairn Island only two of the English- 
men who had been on the Bounty, 

And now a very strange thing 


liappened. These men, who had taken 
part in plots and bloodshed, suddenly 
determined to cluuige their evil lives 
and live virtuously. They had 011 the 
island a Bible and a Prayt^r Book whic h 
had been siivcd from the Bounty With 
these they establi.shed the practice ol 
having regularly every day morning 
and evening prayer. 

They studied these books and began 
to give regular in.struction in religion 
to the women and children on the 
island. Young, being better educated, 
took the lead in this, but he vva,s zeal- 
ou.sly a.s.sisted by Alexander Smith. 

Then in 1800 Young died, and Smith 
now found himself the sole surviving 
man on the island, and the only 
guardian and teacher of a community 
of helpless women and 
children He changed 
Ills name to John Adams, 
possibly to indicate his 
change of life 

Prayer Before Work 

This change of life 
was quite genuine, and 
the little community on 
Pitcaini Island, which 
had grown out of such 
tragic circumstances, 
b e came an ideal 
Christian community 
Even the children 
entered into the spirit 
of this kind of life. 

Before the islanders 
went out fishing or 
undertook Jiny risky 
enterpri.se, they always 
met for prayer 
So the community 
grew up Then, in 
September, 1808, im 
American sliip, the 
Topaz, cruising in the 
Pacific, happened to 
DUS of the Bible notice smoke rising 
from a rricky islruid. It 
was Pitcaini, and great 
was the surprise, for no inhabitants 
were supposed to exist there. Soon 
a canoe was seen approcichiiig the 
ship, and to the am.izement of all on 
board they were hailed by the occu- 
pants in good English with offers of 
assi.stance. 

An Englishman on Ixiard went 
ashore in the canoe, and there heard the 
wonderful story of what had happened 
to the mutineers of the Bounty. Later 
the captain of the American ship landed. 
No further news of Pitcairn was 
received until 1814, when two British 
frigates, the Briton and the Tagus, 
called there. A iiuml>er of people 
gathered on the shore among the rocks, 
and two launched canoe.s, paddling till 
they came alongside the Briton. Aji- 
parently those on board had not heard 
that the Bounty mutineers had reached 
Pitcairn. Judge of their astonishnient, 
therefore, when a voice suddenly called 
out in plain English : W6n't you 

heave us a rope now ? ” 

A rope was thrown out and a fine 
young man sprang on deck. “ Who are 
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you ? ** asked the officers. ' 1 am 
Tiiursday October Christian, son of 
Fletcher Christian, the mutineer, by a 
Tahitian mother, and the first {Xjrson 
born on this island," was the reply 
The youth was accompanied by another 
named Edward Young, who was the 
son of a niuJshipman of that name in 
the Bounty tie was eighteen years of 
age and Christian, whose names Thurs- 
day and October were taken from the 
day and month of his birth, was twenty- 
four 

The officers cUid men of the Britan 
were astonished at the deportment of 
the young men, at their stately bearing 
and natural easy manners They were 
conducted over the ship, wlujre the 
sight of a cow astonished and 
alarmed them They seemed 
to think that it was a large 
goat or a horned sow. Although 
strangers to the most common 
mechanical contrivaiiees and 
the useful arts of civilised life, 
they displayed great intelli- 
gence and appreciation of all 
they saw, inquiring constantly 
for further information 

The Last Mutineer 

After the inspection of the 
ship, refreshments were set 
before them, and the astonish- 
ment of the crew was great 
when, before sitting down, the 
young men devoutly folded 
their hands and repeated a 
short grace, and at the con- 
clusion of the meal rept;aled 
another These, they said, in 
reply to questions, had been 
taught them by John Adams. 

The officers of the ship visited 
the island and were conducted 
to the little village whore 
Adams, his blind wife, and the 
whole community stood ready 
to receive them The islanders 
were anxious to know if the 
strangers intended any harm 
to their beloved leader. Wlien The y 
they understood that nothing 
but friendliness was felt, they 
assented to the officers bemg 
ducted to his house. 

John Adams was just over 50, 
healthy and robust in appearance, but 
his countenance showed signs of age 
and wear, being furrowed with marks 
of anxious thought. At first he believed 
the visitors had come to arrest him for 
his part in the mutiny, but on being 
told that they had been t>erfectly 


great disapproval of Lieutenant Bligh's 
conduct towards his officers and men 

When asked if he would like to return 
to England, he answered, rather to the 
surprise of the officers, that he would 
He declared that he was perfectly 
aware how deeply he was involved, and 
that by following the fortunes of 
(Christian his life was forfeit, but even 
despite tliat it would give him great 
gratification to see his native land once 
more. 

The captain thereupon offered to 
give him a passage with any members 
of his family he cared to take Adams 
appeared pleased, but when he sum- 
moned his family and explained the 
matter to them, they vvere sluK'ked 



The young Pitcairners seemed to think the cow was i 
goat, or a horned sow 


" Oh, sir," said his daughter to the 
captain, " do not take from me my 
best, my dearest friend." So pathetic 
wavS the scene and earnest the solicita- 
tions from all the community to Adams 
to remain on the island, that he decided 
not to go. "I never witnessed," said 
the captain, " a scene so utterly affect- 
ing or more replete with interest." 

The Pitcaini islanders increased in 


given for Queen Victoria and the 
British Government. 

Two years later Rear-Admiral Fairfax 
Moresby, who had taken a great interest 
in Pitcairn, visited the island, and later 
a chaplain was sent out from England 
carrying portraits of Queen Victoria 
and Prince Albert. The island was 
recognised as a part of the British 
Empire, and one of the residents was 
appointed a magistrate and a .system of 
laws tabulated following closely on the 
simple regulations that had been laid 
down by John Adams. 

The people were grateful tor the 
interest taken in them, and sent a letter 
home to Queen Victoria thanking her 
for officially recognising them 

But the problem of food be- 
came very pres.sing, and an offer 
having been made to carry the 
people from Pitcairn to Norfolk 
I-sland, 4,000 miles away, not 
far from Australia, this was, 
after some misgiving, accijpted, 
and in May, 1855, the whole of 
the ccmimunity, 194 in number, 
left Pitcairn Island in a British 
ship and was earned to Norfolk 
Island, whicli had long bt^cn 
used as a penal settlement 

The End of the Story 

The people were to lia\'e a 
certain part of the i.sJand lor 
their use, and on it were many 
well-built houses, with otIuT 
large buildings for use as gran- 
aries, barns and stcK’k houses, 
together with a chajx.1 A 
supply of stfX’k and seeds was 
handed over to the Pib airniTs, 
and for a time tliey seemed as 
if they would all scdtle down 
happily But the climate* was 
not so genial as that of Pitcairn, 
and in 1838 two fainilics decided 
to return to their old island. 
'They did vso, and their descen- 
dants still live there, a little 
simple community of 140 people, 
large administered as a British colony 
by a council of seven tnembers, 
with a prcvsident luid vice- 
president, who is the government 
secretary. They are subject to the con- 
trol of the High Commissioner for the 
Western Pacific. 

Norfolk Island, where the other 
descendants of the mutineers live, was. 
handed over to the Australian Com- 
monwealth in 1914. and its population 
is now about a thousand. 

As to the rest of those who had been 


ignorant of his existence on the island, 
he was greatly relieved. 

There were altogether forty-six |>er- 
sons on the island, and all were strong, 
healthy, smiling, and showed unruffled 
good humour. The women were re- 
mark ible for their modesty Adams 
frankly disclosed all the terrible cir- 
cumstance.s which had occurred in the 
history of the mutineers, and while he 
declared that he had had no previous 
knowledge of the mutiny or in any 
way been accessory to it, he expressed 


numbers, and although there were 
many ups and downs it remained fairly 
prosperous, till at last the community 
became too large for the island. 

In January, 1850, the sixtieth aimi- 
versary of the arrival of the mutineers 
was celebrated with great ceremony and 
rejoicing. One of the guns of the 
Bounty had been brought up from the 
sea bed where it had lam for more than 
half a century, and was fired. The 
Union Jack was hoisted, and a public 
dinner was held at which cheers were 


on the Bounty, their story may lie 
briefly told. Bligh and his 18 com- 
panions who had been forced into the 
open launch 23 feet long made a niar- 
vellous voyage of 3,618 miles to Timor, 
an island near Java, and thence took 
ship for England. The Admiralty sent 
a warship out to Tahiti and captured 
the mutineers there. They were tried 
and three were hanged. Midshipmaxi 
Heywoodwas found guilty but pardoned. 

And that is the strange story of a little 
fragment of the great British Empire.. 
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SMELL, THE OLDEST OF OUR SENSES 

Men of science seem to think that smel! is the oldest of oiir five senses ; that is in the development of man 
smell came before the senses of sight, hearing, feeling or taste. Whether this be so or not, it is undoubtedly 
a fact that in early days man used his sense of smell to a far greater extent than he does now. Indeed, at present, 
smell is the least developed of all our senses and the least used. Here we read many interesting facts about smell 


I T is impossible' to live a normal lite 
if wc cannot see or hear, and with- 
out the sense of touch we are 
paralysed. Even to lx* without taste 
would raise all sorts of serious rliffi- 
culties, but if we were deprived of 
smell wliile we shouhl lo.s(^ the pleasure 
of beautiful j)crfuines, we should hardly 
suffer at all. 

How do we smell ? Most people 
would say by means of our noses, and 
that is perfectly true, but it is not all 
the nose that is used for smelling. 
Indeed, it is only a small part of it, 
and that the upper part. 

Our nose is divided into two cham- 
bers, separated by a partition forincxl 
partly of bone and partly of cartilage 
Tlie iloor ot the nose is formed by tlie 
Jiard palate at tlu' top of the mouth, 
just as the floor of an upper room may 
form the ceiling of the room below, 
and the roof of the nose is a bone which 
is pierced by a number of small holes 
througli which the nerves of smell, or 
olfactory nerves, as they are called, 
pass from the brain. This roof bone 
ot tlu^ nose is callijd the cribriform 
filate, from the Latin word lor a sieve, 
and it is the only thing which separates 
the cavity of, the no.se from tlie cavity 
of the skull which contam.s the bram. 

At tile sides of the nose there pro- 
ject scroll-like bones known as llio 
lUjpiT, middle, and lower turbinates 
Tiiat word is really the sanu* as turbine, 
and comes from a Liitm word meaning 
a top The bones are so called because 
they are shaped very much liln^ a 
spinning top or inverted cone 


riie whole of the inside surface of 
the nose Ls covcre<l with a .soft mtun- 
braiie or skin containing little ves.sels 
or fillets with tiny glands that produce 
moisture. Hut the membrane is not 
the same all over the nose, for that 
wliich lines the lower part ha.s lillle 
thread-like vibrating filaments called 
cilia, and the nerve endings in tliis part 
of the membrane belong to th<‘ fifth 
cranial nerve. They are not ii.sed for 
smfdling, but they get excited when 
anything irrit.itmg enters the nf)st‘. 
I'or examjile, if j>epper gets up our 
nose or we take a smfl at a powerful 
.stnc'lling-salt bottle, these nerves get 
irritated and we sneeze or breathe out 
strongly, which is nature’s way of 
removing anything that may be liarm- 
ful to the nose. 

Where the Smelling Nerves Are 

It js the up0T part of tlie j io.se 
which is supplieiid with the smelling 
nerves. Hero the ineinbrane or lining 
does not contain ihe tliread-like vibrat- 
ing filaments or <#lia of the lower part 
The cells of which it is com posed are 
slender and rod^hajM.'d, some liaving 
a large nucleus ahi<l others Ixnng thin 
throughout. Those with a nucleus 
arc sui)])o.sed to l)o th<‘ cells specially 
concerned in pWiig rise to the sensa- 
tions ot smell. The two kinds arc found 
side hy side. The branches of the 
olfactory nei've fibres aie in contact 
with the ccdls, and cany the sensation 
of ditterent odours to the brain. 

As we can .smell things sonu'timcs at 
a considerable distance, it has been 


suggested Ironi time to time that .smell 
may be something in the nature of a 
wave motion, but this is not held 
by .scierilists to-day 

The sen.se of smell is exercised when 
tiny particles either in the gaseous ot 
.solid form given off by substaiues 
enter the upper part of our nose and 
excite the little cells which are con- 
nected with the olfactory or smelling 
nerve fibres. There, some kind of 
chemical action takes place, and a 
message is passed on to the smelling 
])art of the brain. The position of the 
cells is p(‘rmancntly in the mucous 
fluid, and so the particles of a substance 
have to be dissoK^ed in this liquid 
before the smell nerve can be excited 
If the upper part of our nose becomes 
dry it is impossible to smell 

When we bn'athe m the ordinary 
way air passes through our nose into 
tlie pharynx, a tunnel-1 ike cavity, 
from the lower part of which it goes 
into the windpijxi and thence to the 
lungs. It does not, however, enter the 
upper part ot the nose wlierc' the 
smelling is done. A few of the little 
particles from a substance may, how- 
ever, drift mto the upper part and .set 
up the sense of smell. 

WJicn we want to smell anything 
well we take a strong .snilf and, by 
doing so, pass some of thci air with a 
good many of the particles into the 
upper nose, and are thus able to excite 
our smelling nerves more actively. To 
excite the sen.se of smell strongly the 
particles, either gaseeus or solid, coming 
from the substance we are smelling, 



The nine different kinds of odours, z. Ethereal, as of fruits. 2. Aromatic, as of camphor and resin. 3. Fragrant, as of sweet- 
scented flowers. 4. Ambrosiali as of musk. 5. Garlic, as of garlic and onions. 6. Burning, as of roasted coffee or tobacco smoke. 
7. Goat, as of goat, cheese, or perspiration. 8. Repulsive, as of narcotic plants like poppy. 9. Nauseating, as of decaying meat or 
stinkhorn fungus, it is interesting to think of various kinds of odours and to try to class them under these heads 
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must be in rapnl motion and snidinf; 
Strongly assists this. 

'Hk! (Klorous particles may .ilso enter 
the npjx^r nose through the openings 
at the back entering from the mouth 
and pharynx That is why favours 
which are perceived partly by taste 
and partly by smell, like that of tlu* 
onion, arc fully reali.sod not during the 
<ict of swallowing, but afterwards, 
when the piirticles have had time to get 
to the nose from the mouth. When wo 
iiave a cold and the upper nasal 
chamber is blocked by the swelling of 
the membrane, we are not only unable 
to smell properly but unable to taste 
jwoperly, as so many flavours depend 
upon smell as well as taste. Tlie picture 
on page 13 helps us to understand this. 


odours, such as those ot camphor, 
citron, and resin. 3. Fragrant or 
balsamic odours, such a.s those of 
pleasant flowers and perfumes. 4. 
Ambrosial odours, like those of amber 
and musk. 5. Garlic, as in onion, 
garlic, and sulphur compounds. 6. 
Burning (xlours, like those given by 
roasted coffee, baked bread, tobacco 
smoke, and so on. 7. Goat odours, 
like the smell arising from the animal 
named, from cheese and from ptir- 
spiration. 8 Repulsive odours, like 
those given by narcotic plants. <>. 
Nauseating or fetid cnlours, like those 
given by certain plants and the 
products of putrefaction or decay. It 
is a very interesting list, and we could 
amuse oursedves by tr\dng to put into 


The sense of .smell is easily tired. 
If we go on smelling a particular odour 
continuously for some time we cease 
to notice it, even if it is unpleasant, 
as when sitting in a hot room with a 
crowd of people. A stranger coming in 
would smell iin unpleasant odour at 
once But while our sense of smell may 
be fatigued so as to be insensitive to 
one kind of odour, another kind will 
excite it at once. 

But while our nerve of smelling is 
exhausted by the sensations set up by 
odours after a few minu es, the ex- 
hau'^ted nerve will recover in the course 
of al>out a minute, after the odours 
have been removed. The power of 
smell is impaired l)v fever, and also by 
certain drugs. 



It we hold tmr noses when eating 
icxxl \vc are unable to get the full 
flavour, and similarly it is a good plan 
to hoki the nt>so when taking nasty 
mcdk'ine, as some ol the nastiness i.s 
then shut off from our sciuses. 

We have st'cn on page 369 that all 
tastes can be divided into four classes — 
sweet, bitter, sour, and salt, but it is 
not so easy to classify smells in this 
simple way. They have been divided 
up into throe clas.ses — ^iigreeable, dis- 
agreeable, and mixed, but that is not 
very satisfactory. 

A German scientist, however, sug- 
gests that all odours maybe diviJed into 
nine ( lasses : 1. Kthereal odours, such 
a.s thos<* given by fruits. 2 Aromatic 


one or other of these classes the different 
smells which wc recognise. 

Some sub.stances are extraordinarily 
p<mctrating to the sense of smell. 
Camphor can be perceived when it is 
diluted to the extent of one part in 
400,000, musk one part in 8,ooo,(Xk>, 
and vaiiilUii one part in 10,000,000. 
But even more penetrating is a chemical 
substance known as mercaptan, which 
has a very offensive garlic-like smell 
If the 30,000th part of an ounce be 
divided up into 460 million parts we 
can smell one of these infinitesimally 
small parts. Some substances retain 
their power of exciting the sense of 
smell for a ve:^ long time. A grain of 
musk retains its scent for years. 


In many animals th<‘ sense of smell 
is far more keenly developed than it is 
111 man. Hounds track a fox or stag 
by scent. Bloodiioumis follow a man 
by using their .sen.se of smell Even 
dogfish in the water finds its prey 
by smell rather than by sight. 

It is very intcres ing to watch a dog 
when it is following a trail It kecp.> 
its nose close to the ground and, using 
the sense of smell instead of sight, 
follows the trail wherever it may 
k^d. 

Wl.eii doctors as an experiment have 
filled the tivo nostrils with substances 
of differeirt odours, some people have 
snu'lt both, some bax'e smelt only one 
(xlour, and others other. 
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HOW THE BANANA GROWS ON A TALL STEM 



The banana is perhaps the most valuable food plant in the world. The fruit is very nourishing, whether eaten fresh or dried, and 4,000 
pounds of bananas will grow on the same space of ground that is required to produce 99 pounds of potatoes or 33 pounds of wheat. 
The dried fruit ground up makes an excellent Hour, and a beverage is also made from the banana. The leaves are used to thatch houses, 
and the fibre makes clothing, sacking and rope. The plant is often called the maid of all work in the vegetable world. The stalk 
gr ows to a height of twenty or thirty feet, produces one big bunch of bananas, and then dies down. For distant markets bananas are 
gathered green, and are allowed to ripen after they have reached their destination. They travel in specially cooled boats and trains 
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jack-of-all-trades that flies and hovers 








i*' 


Because it can fly for- 
wards, backwards, or side- 
ways, ascend or descend 
vertically or hover 
stationary over land or 
water, the helicopter has 
made easier a lot of tasks 
which otherwise would be 
very difficult indeed. As 
the illustrations on this 
page show, the helicopter 
has become a flying handy- 
man to whom few odd 
jobs come amiss 
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1 . Bristol Sycamore helicopter hftmg with a 
rope and winch a pilot whose aeroplane has 
crashed into the sea. 2. Pilot and rescuer 
are winched up to the helicopter^s open door. 

3. Sikorsky helicopter of the Sabena airlines 
drops in to deliver mail for a Belgian town. 

4. Sycamore helicopter taking and transmitting 
television pictures of Bristol docks. 5. 
Sycamore helicopter being used as an aerial 
crane. 6, Another way to rescue “ ditched " 
airmen : a Sikorsky helicopter uses a net 
to scoop a crashed pilot out of the sea. 7. A 
Bristol helicopter lifts a “ casualty ” from a 
ruined building during a Civil Defence 
exercise. 8. Hillier helicopter spraying insecti- 
cide over a Hampshire cornfield 
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THE FLAMINGO WHICH IS FOUND IN WARM LANDS 



We could never mistake the flamingo for any other bird. Its long spindle-Uke legs and its strange beak distinguish it from all its rela- 
tions of the bird world. There are no flamingos in Australia, but otherwise they are found in most of the warmer regions of both 
hemispheres. The European flamingo, with its rosy white plumage and light scarlet wing coverts, is found as far south ^ the Cape 
of Good Hope Province and as far East as India and Ceylon. It sometimes travels as far north as the British Isles. Flocks of flamingos, 
numbering thousands, are seen by the lakes of North-Western India, and form one of the most marvellous sights in the world, especially 
when they suddenly fly up. The American flamingo is brighter coloured. Flamingos live on shell-fish and water-plants 
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Life in the OUgocene Age shown in this picture was becoming in form much more like that which we see on the Earth to-day. There 
were many new forms of birds resembling present-day forms, such as the ancestors of our modern gret^s and divers. There were geese 
of modern type, as seen at the top of the picture Among rhinoceros-tike animals were the brontotherium, with two horns on the nose, 
as shown on the right, and the acerothcrium (in the middle of the picture), more like the rhinocero.s of to-day- Camel-like animals, 
seen at the bottom right, were developing, and also weasel forms, shown lower down. The pig-like animal at the bottom of the picture, 
called the hyopotamus, seems to have chewed the cud. On the left of this is the mesohippus, a smalt ancestor of the horse. Above 
this we see a group of hyracodon. This animal was about the size of a pony, but in form it was much neat er the rhinoceros, although 
more lightly built. In the water there were early whales, and among the vegetation of Europe were palm trees, olives and the .ebony 
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Wonders of the Sky 



LILLIPUTS OF THE SOLAR SYSTEM 


Travelling round the Sun between the orbits of Mars and Jupiter are a thousand or more little worlds, some 
so small that they could be stood in Hyde Park, and the largest not too big to find standing room in the British 
Isles. We call them minor planets or planetoids. The old name was asteroid. Men of science cannot tell 
us how they originated. Some have thought they formed part of an exploded planet, though this is rather 
unlikely. Another theory is that they once formed a ring or rings like those of Saturn 


T iikre are fai more members of the 
Sun’s family of worlds than many 
pt'joplc imagine. Of course, wc 
all know of the giant members of the 
family, Saturn and Jupiter, of the 
middle-sized worlds, Uranus and 
Neptune, and the smaller ])lanets, 
known as the Earth, Vt*nus, Mars, 
Mercury and Pluto. Altogether there 
are nine of these planets and many of 
them have their satellites circling 
round them. 

But in addition to these* notable 
lanels and their satellites there an* 
undreds of otlujr members of the .solar 
system, which travel round and round 
the Sun just as the Earth does. 

They are generally s}K>kon of as 
" avSteroids,” a vt^ry unfortunate term, 
for it means “ forme<l like a .star,” and 
these bodies are not like stars at all 
They are reallv planets, though on a 


very small scale, and so a much better 
name is that which is now given to 
them by astronomers, namely 
” planetoids.” Another name by 
which they are calletl is ” minor 
planets,” to distinguisli them from tin* 
nine major or larger planets 

'fhese little wfnids, all of them fat 
smaller than our Moon, and some no 
bigger than small hills, circle round 
the Sun in orbits between Mars and 
j u pi ter. 

The first of them w^as not di.scoveretl 
till the opening night of the ninete(‘nth 
century. Yet as far back as I5<)0 the 
great German astronomer Kepler had 
suggested that theie must be some 
kind of a world travelling round the 
Sun between Mars and Jupitei. He 
had noticed the great gap winch 
oc'ciirred between tlie orbits of ihost* 
tw’O planets, and predicted that om* dav 


another planet would be found circling 
round in this .space. 

But nothing happened for tw'o cen 
t lilies, and then another great (k’rman 
astronomer, Johann Bode, who had 
made a study of the orbits of tft< 
planets, pointed out iJiat th(' distance- 
of th(‘ orhits from one another arc not 
haphazard, luit art* in certain pro 
jKirtions 

He .suggested that if thti series (»1 
niinibeis t>, 3, h, 12, 24, 48 and lx* 
taken and ^ added to(‘acIi, making them 
7, 10, 16, 28, <y 2 and 100, tiles/ 
numliers, with tlie exception ol th< 
filth, would represent witli fair act urac\ 
the relative distances of the orbits from 
one another, luir the fifth orbit then- 
was no planet, but Bode suggested that 
there should be a planet somewliert* 
revolving between Mars and Jupiter 
'Phis W'hcn set out was known as Bode'- 



Some 6f th« minor planets are very small indeed. One of them is no more than 550 yards across, so that it could be placed in the 
mkklle of Hyde Park and still leave plenty of room all round for people to walk about. This picture of the planetoid and Hyde Park 
drawn to the same scale gives us some idea of the minor planet’s size. 
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Law, and although th<‘ figures are not 
(juite accurate, tfiey arc very near the 
truth. 

On Xew Year’s Day, i8oi, an 
Italian astronomer named Piazzi, who 
was making a star map at Palermo in 
Sicily, noticed a Httk* star in the con- 
stellalion of tii(^ Bull whicli seemed to 
be moving slowly Hi* watched it 
candidly and came to the conclusion 
that It inust be either a planet or a 
tar-oll comet. 

He said nothing to any* 
body, but watched this 
star for several weeks, and 
then Ix heving that he had 
c»)me upon an unknown 
planet, he tmblished Ins 
great discovery Ihil un- 
fortunately at this point the 
new jil.inet moved .so close 
to the Sun that it vanished 
in the Sun’s light, b'lirther, 

Kurope being at war, the 
li'tters vsent by I^ia/zi to 
various German astrono- 
mers were delayed, and 
wiieii men began to watch, 
the planet seemed to have 
Ix'eii compU'tely lost. 

The idea of finding it 
again seemed almost hope- 
less, but a distinguished 
G e r m a n mathematu iau, 

Carl Ciaiiss, obtained all 
the facts he could from 
Piazzi and with gieat 
patience worked out the 
orbit of the new planet. 

It came in between the 
orbits of Mars and Jupiter, 
and then with the aid of 
his ealculations the new 
planet was re-discovered 
exactly a year later, tliat is 
on New Year’s Day, 1802. 
by another Orman asiron- 
orner, Heinrich Olbers 

Here, said the men ot 
science, was the missing 
planet, and it was named 
Ceres after the tutelary 
goddess ot Sicily, where Piazzi 
worked. 'riicii on Marcli 8th 
of the same year another little 
planet was discovered wander- 
ing in tlie sanu' n'gioii, and 
this was named P<illas. Two 
y(‘ars later still another was 
found, and was named Juno, 
and three years lati?r a fourth 
was seen and was called Vesta. 

All t hose planets were moving 
rcnind the Sunin orbits between 
Mars and Jupiter. The whole 
scientific world was agog with 
ex<'itcmcnf, and astronomers 
evciy where were searching for 
still others. By the end of the 
century about a thousand had 
been found, ami the discoveries 
succeeded one another so 
rapidly that at a meeting of 
the Royal Astronomical Society 
in 1909 a well-known astrono- 
mer suggested humorously that 
it should be made a legal 



The Earth, the Moon and the planetoid 
Ceres drawn to the same scale 


offence to discover any more minor 
planets. Some of the astronomers were 
given the nickname of “ planet hunters.” 

Still the discoveries go on, and of 
course, photography has enormously 
helped in the search. Nowadays a 
photographic plate is exposed for a 
certain period, the telescope being 
worktid by clockwork to move with the 
stars, and then the plate is examined 
to see il there are any lines of light 
as well as points on it. If there are 
little lines they are caused 
by minor planets, which arc 
moving or wandering in the 
sky. A photograph is repro 
diiced on this page showing 
t hree minor jdanels among 
the stars. 

The orbits of these minor 
jilanets are very much in- 
tertwined and entangled, 
but they all move round 
the Sun between the orbits 
of the planets Mars and 
J u pi ter. Of course, it takes 
much patient calculation 
to know whether a minor 
planet that appears on a 
plate is a new' one or an old 
one Quite a number of 
those that have been re- 
corded have never been 
seen again since the year 
of their discovery. 

One of the most interest- 
ing of these minor planets 
is ICros, about which we 
read on Page 1050 Pro- 
lessor James Watson, of 
Michigan University, who 
himself discovered 29 
planetoids, left moruy in 
liis will for the planets dis- 
covered by him to be 
wal died .so that they might 
never be lost again 

The minor planets vary 
much in size, Tiie largest 
IS C eres, the first to be 
discoviTcd, whiiii is 485 
miles in diameter, but the 
smallest is only 550 yards 
across. The whole of them rolled 
into one would not make a single 
planet as big as Mercury. 

We do not know very much 
al>out the nature of these littli‘ 
worlds, but they arc of very 
great importance to science, for 
by t Ju‘ir aid the distance of the 
Sun from the Karth can be 
iTU'iisured much more accurately 
than was possible before they 
were found. 

Of course the force of gravita- 
tion on these little worlds is very 
small cxmi pared with that on 
our Karth. 

Sir Robert Ball has told us 
that a child on the Karth can 
throw a ball up 15 or 16 feet 
by giving it an initial speed 
upw'ard of 30 feet fxjr second. 
On a little 'planet 8 miles in 
diameter the l>all would never 
return. 



A photograph of part of the heavens showing three minor planets 
(each indicated by an X). By courtesy of Royal Astronomical Society 



The Moon, with the four largest planetoids drawn to scale 
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LITTLE WORLDS AND THEIR PATHS ROUND THE SUN 



In this picture we sec the four largest of the minor planeU placed upon the map of the British Isles. The diameter of Ceres, the 
largest, is 485 miles, or considerably less than a quarter that of the Moon. Pallas, the next in size, is 3®4 nfiilcs across, Vesta 243 
miles, and Juno n8 miles. It will thus be seen that Ceres, if dumped down on the British Isles, would reach from Berwick-upon- 
Tweed to Land’s End. In mass or weight it would take 5,800 bodies like Ceres to make up one Earth. An eleven-stone man would 
weigh only half a stone on Ceres, and an object would descend only 8} inches in the first second of its fall, as compared with 16 feet 
on the Earth. If a rifle bullet were shot from Ceres it would go off into Space and never return 



Here we see how the minor planete. of which over a thousand have been discovered, circle round the Sun between the orbits of 
Mari and luoiter They do not, however, move round in the same plane, but their orbits are so interla^ that it has been said that 
ware and of metal so as to form rings they could all be lifted up together by lifting one of them 
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Here ie one of the most massiw ytural bri ^ ” .^ 12*'gl!5v.i* “,1° ‘*T^r‘5^"KUji^mdo^*of t^s^^rod^^toumi 
flank of Aconcagua, the great eol^o i" of tte wcuAt inhaWtanto of these parts. But It is nw 

Bridge of the Inco, and was at one ti^ suf^pos ed to •»{{()» flowlnz waters of the rlw aided by the power of 

siCsT'Ty^sss,^^^ . -»*«.«• b«^ » «> 
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NATURE AS A GREAT BRIDGE-BUILDER 


Natural bridges as striking as any bridge made by the skill of man are to be seen in many parts of the world. 
In some cases they are of imposing dimensions and form a most impressive feature of the landscape. 
Here we read something about these natural bridges and the way in which they have been formed 


T iif sculpturjn/* of the r<5cks by up so imposingly oltcn hnmlivds ol But ilu- most common wiiy in which 

Nature prod u< es many fantastic feel above th<^ river or ground below. tht*se bridges are formed is by the 

forms, and |X‘rhaps nowhere are Ami^rica seems to be the great land work of an underground river passing 
there so many varieties as on the of natural bridges. The most famous througli limestone caverns. The cavern 

American continent, both North and is that near I.4*xington in Virginia, is niiidi- by tln' water that percolates 

South. Vast chasms are carved out which is 200 high, but there are through the soil above, dissolving the 
of the solid rock by rivers like the many not only far higher than this, cartxmato of litiK . 

Colorado, the canyons of which, in but of much more imposing protK)r lions. The waters nu'et underground and 

some places, are a mile deep ; and wind The examples given on this page and form a subterranean river. This per^ 

and sand sculpture also provide many the previous page will give some idea haps Hows down to a lower cave and 

remarkable forms. of how majestic these rocky formations wears away a new and Iowct Ixxl for 

In the Garden of the Gods, in may be. itself. Then part of the cavx* roof 

Colorado, there are 500 acres covered All natural bridges are not formed in falls in, so that the river is o|)en to the 
with rorkv lowers and spires that the same way. Some have Ihxui formed sky, but another part of the roof is left 

look against the skyline as though they by earthquakes, the rock underneath suspendt'd, and this forms a natural 

were tlie tops ot cathedrals built by havdng lieen shaken away, leaving a bridge. 

the hand of man. An cxcimple of this mass suspended. In the course of time the river itself 

kind of natural sculpture is to be seen Other natural bridges have resulted may be diverted, but not until it has 
in the photograph taken in Hr^xe from disintegration by water and worn away its bed s(» that this is two 

Omyon given on page 754. wind, and the falling away of cliffs or t hive hnndred f<xt bellow the bridge. 

But ot all thc'se interest mg geological and rocks through tlu^ cracking and It is perhaps not at all surprising that 

tonus none is more .striking or remark- breaking up of the strata. A layer where tlu^se formations exist among 

able than the great natural bridge.s of harder rock abfive is left in {X)sit ion. primitive and ignorant pcniples they are 

that have been carwd out and stand and so we hav'e a, natural bridge. regarded as of supernatural origin. 



A OMrrtUous natural bridge of rock 300 feet high in San Juan County, Utah. It is, from its shape, caUed the Rainbow National Bridge 
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HOW THE PEAT BOGS ARE FORMED 


I T is fortunate tor the people of 
Ireland and the Highlands of 
Scotland that both those parts of 
the Jhitish Isles have extensive p)eat 
bogs to provulc them with fuel, for 
neither Ireland nor the North of 
Scotland have coal deposits. 

What exactly is peat and how docs it 
differ from coal ? Peat, like coal, is 
made up of the remains of plants, and 
the peat bogs if left alone would 
one day become coal. Experiments 
have been (arried out which show that 
under a pie.ssure of 0,ooo atmo.spheres, 
that IS, 88,^00 pounds or nearly 40 tons 
to the s(|uare inch, jicat can be converted 


Peat retains its moisture so 
tenaciously that even after it is dried 
at a Ic.'tnperature of 100 degree.s 
Centigrade, that is at boiling point, 
there is still a large proportion of water 
which cannot be driv^en off. The only 
way to dry it properly is to chop it up 
into small pieces so as to expo.se a very 
large area to the heat. 

When dried, Irish peat has about 60 
per cent, carbon, 32 per cent, oxygen, 
and 6 per cent, hydrogen. 

The rate of growth of peat bogs 
varies greatly, but how rapidly j>cat 
may be formed is shown by a ease in 
Scotland. In 1651 an ancient pine 
forest occupied a level tract of land 


The rate of growth and formation 
depends upon many factors, such as 
climate, slope, soil and drainage. The 
Irish peat bogs are probably of great 
antiquity. 

Peat possesses great antiseptic powers 
because of its chemical composition, and 
ancient animal remains buried in the 
bogs are often well preserved. In 
Ireland, for example, remains of the 
extinct Irish elk have been found in the 
peat bogs. Human weapons, tools, 
and armaments are also often dug out 
of peat bogs. 

Tree trunks arc frecuiently found in 
peat, not only in the lower layers but 
midway in a bed. Probably the over- 



Cutting peat for fuel from a great peat bog in the Irish Republic. The use of peat for domestic fires has always been encouraged in Ireland. 


into a hard, black substance which has 
the appearance of coal, burns like it, and 
shows few traces of ve^jetable structure. 

But while it is true in a .sense to say 
that peat is coal in an early stage of the 
natural process of manufacture, it is of 
much more recent formation. In fact, 
peat is constantly being made in these 
days. It is produced only in the colder 
temperate regions of the world, as in 
hot countries the process of decay of 
vegetable matter is too rapid for the 
formation of peat. 

Just how the peat is produced is 
explained and illustrated on the next 
page. The sphagnum or peat moss 
grows over a lake and as it dies sinks 
to the bottom till what was once a lake 
becomes a spongy mass of decayed 
vegetation mixed with earth. 


among the hills in Ross-shire. The 
trees were dea<l and in such a con<lition 
as to be easily blown down by the 
wind. 

Fifteen years later every ve.stige of a 
tree had disappeared, and the site had 
become a spongy bog, green in colour, 
into which a man would sink up to his 
armpits. Before 1699 the tract had 
become firm enough to be walked upon 
and to yield good peat for fuel. 

The same thing happens elsewhere. 
In the valley of the Somme, in France, 
for instance, three feet of peat are 
formed in from thirty to forty years. 
On a moor in Hanover, a layer of peat 
nearly six feet deep was formed in forty 
years. On the other hand in Denmark 
it took from 250 to 300 years to form a 
layer of peat ten feet thick. 


turning of trees has assisted in impeding 
drainage and so has contributed to the 
production of the conditions which pro- 
mote the formation of peat. There 
must be water in order that the bog 
mosses of which peat is compo.sed may 
be able to thrive. 

I^eat can be converted into charcoal, 
and if the peat is comprc.ssed before- 
hand it is superior in density to wood 
charcoal. It c.an then be used in place 
of coke, but so far the conversion of 
peat into coke has not proved a paying 
proposition. Various valuable sub- 
stances like ammonia, oils, gas and tar 
can also be obtained from peat, but the 
process is too costly to pay. Peat has 
been much used for horses^ bedding and 
on account of its antiseptic properties, 
it has been used for treating wounds. 
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THE STRANGE STORY OF A PEAT BOG 



Peat bogs are found in many parts of Europe, and one-seventh of the area of Ireland consists of peat bogs. The pictures on this 
page show how these bogs are formed. . At some time in the past an area has become covered with water, possibly owing to the damming 
up of a small stream by fallen trees. More and more water has accumulated, until at last a lake has been formed, as shown here 



The wet conditions are ideal for the spread of the sphagnum or peat mosses, which always thrive in places where there is plenty of 
water. These mosses continue to grow and branch year after yeatf 4nd gradually they spread out over the lake, while the stems below 
are constantly dying. Farther and farther they reach out into tl^llake, the vegetation increasing till the margin becomes a swamp 



At last the whole lake is covered with a tangled mass, and the ptoss gets thicker and thicker, the dead plants and stems gradually 
Riling up the lake till it becomes a spongy mass of vegetation, living and dead. In course of time it becomes so thick that it can be 
walk^ across, and the decaying vegetable matter, mixed with s<^l blown upon the bog, enables the seeds of other plants to take roo^ 



In the course of years — it may be thirty or forty, or it may be a century or two — ^what was once a lake has become a peat bog anything 
from six to forty feet deep. The peat is cut and dned, but even when dried it contains a great deal of moisture. It forms a useful fuel where 
cold altd wood are scarce, for ft contains about sixty per cent, of carton. The antiseptic powers of peat preserve animal remains 
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A LAKE AMONG THE ICE-CLAD PEAKS 



The airmen of the United States Navy have been making a survey and charting the unknown parts of Alaska, one of the most dtfihcult 
countries in the world. By means ot aerial photographs this work can be accomplished in a remarkably short space of time, whereas it 
would have been almost impossible by the old methods if the surveyors had had to climb the mountains. Here is an interesting photo- 
Itraph which forms one of the series of fifteen hundred that the airmen have taken. It shows a lake enclosed by the jagged ridges of the 
ice-clad mountain, which can be distinctly seen, because water photographed from the air comes out dark. We have ^ready seen this 
in the photograph from the air of the Isle of Wight, which appears on page 1107. It is interesting to remember that when the British 
airmen flew over Mount Everest taking photographs, one of the pictures revealed a small lake near the crest of the mountain. Like this 
one in Alaska, it was not frozen, and on that account is supposed to consist of warm water from a hot spring 


THE SEA’S GREAT FIGHT WITH A ROCKY ISLAND 


T hk relentle.ss war 
which the sea 
wages against 
the land has never been 
l>ctter exemplified t liaii 
in the case of the httli* 
rocky island of Heligo- 
Icind. This island, 
which was once British 
and before that be- 
longed to Denmark, 
lies in the Noith Sea 
olf the coast of Ger- 
many. It has a circum- 
ference of three miles, 
and is igo feet high, 
but It was not always 
so small. 

In thc' year 1300 it 
was 45 miles round, 
and in 800 it was 120 
miles in circumference. 
But ail the time the 
waves have been wear- 
ing away and breaking 
up the rocky coast, till 
at last the island is 
little more than a speck 
of Hick in the midst of 
the sea. 



How Heligoland has been washed away by the sea during eleven centuries 


It IS made of lime- 
stone and sandstone 
rock, which is easily 
broken up by the weaves 
and weather. On the 
south-east shore there 
IS a flat bank of sand 
c o m pose d of th(* 
ground-up fragments 
that havt.‘ been broken 
from the clitt. 

Altogether the island 
is one-fifth of a squat e 
mile in area. After it 
was ceded to Germany 
by Great Britain in 
1890, a great deal was 
done to protect the 
island from further de- 
struction. Artificial 
cliffs were constructed, 
and the area of the 
island was slightly in- 
creased by dreaging 
the Elbe and deposit- 
ing on the island the 
material so obtained. 
Ifie word HeligoUnd, 
which is German, 
means *^Holy Island/* 
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HOW BRITANNIA RULED THE WAVES 

The fact that right through the nineteenth century Great Britain was unquestioned mistress of the sea, was 
due to Nelson s great victory at Trafalgar, the most decisive naval victory that the world has ever seen. “ The 
Nelson touch ** has become a legend, but it is still a potent phrase and although few people are aware of the 
fact, it was Nelson s own phrase. Here is the story of the great victory of Trafalgai, and its hero 


I T is doubtful il thm* has (‘ver been 
any ICnglishmaii in whom his 
countrymen had so ])r(>f()uiul a 
confidence as Nt‘lson. The '* Nelson 
Touch " has taome a legend. When 
evxT the country is in j)enl in time ol 
war and victory^ tarries, there is a cry 
from all quarters for the Nelson 'ronch. 
The exjmission wa^ Nelson's own, jind 
it may be int(‘rpret(*d as an intuition ol 
what should bt* done to mflicl a crush- 
ing defeat on th<‘ enemy, and an instant 
<letermination to do it. 

Th(‘ Nelson doiKh was setui at the 
Hattie oi the Nile, and later on at 
(a)penhagen, but never \v,is li b<*tt('r 
exemplified than m the gneat victory 
ofi Trafalgar, whuh gave to 

England the masttTV ol the sens loi 
a century. 

ThiTO hiis certainly iu*\er l>een a 
victoi'y like it in modt'rn time.-> Il 
destroyed for ever the dreams of 
NciiM)le(m, and removed tlu‘ threat ol 
invasion which had caused dis 
(juiet in iLiigland for many years 

The Sea- Sick Admiral 

Horatio Nelson scarcely 
seemed the man who would ev(‘r 
l>etomt‘ a great and vatorious 
admiral. Small and frail, he w'a.s 
all his life subject to sea- 
sickness Whtii as a lonel\ 
child of twelve he joined Iht' 

Navy, he was emaciated bv 
repeated attacks of ague, and he 
suffered from ilMiealth right 
Uirough his life, even up to thf‘ 
great victory* wdiieh has made 
his name immortal, itut though 
ill-health hanissed him throiigh- 
t>iit his life, it never hindered 
him. 

When only fifteen la* w'ent on 
an expedition to the* Arctic seas, 
had a fight with a i*olar bear, 
and then after going to the ICast 
Indies was invalided home. 

From the first he was nottxl for 
his great bravery and his ai>pli- 
cation to work, and in 1 778 when 
he was twenty he received his 
first command. 

He tfX)k a conspicuous part in Nelson 
the great victory over the 
French off Cape St, Vincent on 
February 14th, 1707, and was promoted 
tc} the rank of rear-admiral. He was 
in command of the squadron that 
blockaded Cadiz, and during a night 
attack on Santa Cruz lost his right 
arm. He had previously lost the sight 


ot Ills right eye from thesphnteis of an 
exploded shell. 

In 1708 he was placed m command 
ot a snuill .s(pta<ltoii to watch th<‘ move- 
ments of the French fieet in the 
Mediterranean, anti on August isl 
came upon th(‘ hostile Heet anchored in 
Mioukir Bay ne '* Ak‘xaiidna. 

The ITencIi soon learnt tht‘ meaning 
ol the Nelson rouch, lt)i the Englisl) 
admiral at once ;itta< ked with such 
furv and skill that the whole ITiaich 
fleet except four shijis was taken or 
(U'stroyed, No wonder the \'ictory 
W .IS hailed with delight in England, and 
honours were showered njxni Nt*Ison. 
who was miid«‘ a baron 

fn rHoi he went a^ seiond in-tom 
mand under Sir Hy<le Barker with the 
British fleet to the BaltK. A con 
lederacy had been lormed between 
Kussia, Swt'den and Denmark, wdnch, 
though not proiessmg to be directly 
hostile to Englftflld, was determined to 





at prayer in his cabin on the eve of Trafalgar. 
From the painting by Barker 


resist the search of neutral vessels bv 


to the (‘iiemy so that the ICnghsh shot 
should not miss its mark. Tlie battle 
was a fierce one, and Admiral Barker. 
vKfvvmg the scene frean a distanc< , 
leans! that Nelson was in danger of 
def(‘at He therefore hoisted a signal 
ordering the English fleet to ceasi 
fighting and retire. 

Wh(‘n the .signal was seiai it was re 
|)otted to Nelson, who jaeteiided not to 
liear But when the news was rejxMted. 
he .said to a captain .standing neai . 

N'on know, lu'iUy, 1 hasi* only i>n« 
eyi‘ ; 1 have a right to be blind some 
times.” and lilting hi.s tele.scope to th<‘ 
eye whn h had no sight, and levelling 
it at Admiral Barker's ship, Ik* ex- 
il.iimi'd : ” J really fli> not see the 

signal ! " 

Some of the frigates, however, had 
s(*eii it, and retreated : but Nelson 
continued the battle, and l)efor(‘ long 
the Danish fin* slackened, and tlieii 
ceased. Nelson was made a viscount 
for hjs great victory at (Copen- 
hagen, and wdien Sir Hyili' 
I*arker w*hs recalled h(' w^as given 
the sole command. 

Watching for the Enemy 

When in 1803 he received the 
command of the Mediterranean 
FK‘et he texik his station otf 
Toulon, and from .May in that 
y^ear to August, 1805, he left his 
shiji only thre.*e times. It was 
typical oi the man. H(‘ was 
determined to watch for the* 
enemy and bring him to battle, 
so as to gam a dei'isivc' victory 
and give ICiigland the* mastery 
ot the seas If his men were to 
remain on board watching he 
would stay on board wdth them. 

Spain and Jrance were allied 
as the enemies ot Engl anil, 
although the Sjianiards were 
only half-hearted, and their 
c o m !> i n e d fleets h e c a m e a 
menace, for Napoleon hop**!! 
with their help to carry out his 
long'in tend(*d invasion ol 
England. 

Here w'as N elson 's c h a n c e. 
algar. When the united French and 
Spanish (hx'ts put to sea Nelson 
went in search of them. Ho 
Uuit about lh<* Mediterranean, pursued 


British ships in order to seize any them to the West Indies, and then, 
French goods that might found in finding they had dodged him, returned 


them. in pursuit. 

Parker sent Nelson to attack ('open- There were many conflicting accounts 
hagen. Nelson determined to get close of their movements, but Nelson could 
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ROMANCE OF BRITISH HISTORY 


m't no doliinir W'hen- 

rvtT m*ws of the enemy was brought 
whii’h seemed ;is it it ini^ht be true, 
Nolsoii set ott in puiMiit. flow 
thurouj^h h(* was can be set'ii by the 
lollowin^ inrident 

Nelson's ships relittmj^ in 

Gibraltar, and tlie othet-rs ami men had 
nonoasliore. whih* tlie linen tor vvashii)}* 
Jiad also Ims-h lauded. Weather condi' 
lions indicatin;< that a fair wind was 
blowing up, a ^^iin was ftnsi from the 
I'icUfry, and ttuj Bine Beter nm aloft 
.i.s a sijjrnal to the men ashore to return. 

" Here is oni‘ ol Nelson’s mad 
pranks.” said an otficer. But the 
admiral proved right. The fair 
wind bl(*w up. the men hurriedly 
retunuxl, and the ships sailed away, 
without th<*ir linen, to l<Kik lor the 
enemy. 

As the combined French and 
Spani-sh fleets were still elusive 
Nelson received orders to proceed 
to Portsmouth, and then learnt 
that the enemy ships had been 
seen off Cape Finisterre, and that 
they had put into Vigo Bay to re- 
fit, Nelson at once ollcred his 
services to the (kivemment, and 


their centre »^nd rear. This he succe.ss- 
fuHv etfected, on the 21st of Octolier, 
following, in the glorious Hattie of 
Trafalgar. ” 

VV'hen news was brought of the 
French and Spanish fleets Nelson ex- 
claimed to the c.iptain who brought it : 
” Bepend on it, Blackwood, I shall 
vet give Mr. Villenenvcj a drubbing.” 

After saying good-f>ye to his friends 
Nelson went down to Portsmouth and 
took breakfast in the George Inn before 
going on bciurd the Victory. It is said 
that to escape the crowd he went 


Hardy and saifl : ” 1 had their huzza:^ 
before ; I have their hearts now,** 

The Vk/ofy was accompanied bv 
other ships and sniltnl to join the Eng- 
lish flet‘1 olT Cadiz. By Nelson's strict 
instructions then* were to be no 
salutes or rejoicings or flying of flags 
to widcome him, so that the enemy 
might be kept m ignorance of the 
arrival of the Knglisli reinforcements 
The men, however, received Nelson 
with the most unlKiimded (jnthusiavsni. 
and that evening he wrote a dispatcli 
to the Admiralty in which be said : 

When T camti to cxpUiin to them 
the Nelson Toucli it w2ls like an 



electric shock. Some shed tears, 
all approved.” 

Nelson now had under his com- 
mand 27 men of war. His great 
object w'as to get the French 
admiral Villeneuve and thi 
Spanish admiral Gravinu out o! 
Cadiz. The combined enemy fleets 
consisted of t 8 French warships 
and 15 Spanisli, with half a dozen 
smaller vessels. 


bnouind'^^ £XPex:TS^' th/it evany 


Presentiment of Death 

Nelson was constantly sending 


these were eagerly accepted. 

Nelson and Wellington Meet 

It was during this last stay in 
haigland that Nelson and the Duke 
of Wellington met for the first and 
hiSt time in their lives. Wellington, 
then Sir Arthur Wellesley, had 
just come back from India, and 
Nelson was in the waiting room of 
the Secretary of Stale w h e 11 
Wellesley entered. Nelson did not 
know Wellesley, but Wellesley 
knew him irom the many portraits 
that were to be seen ev my where. 

They talked lor some tinu', and 
thon Nelson went out ol the room, 
apparently to find out who Ins 
companion was. Nelson seems to 
have exjilaitied sonii* ]iroject for 
occupying Sardinia, in which h<^ 
wanted Sir Arthur Wellesley to 
help by taking charg«‘ ol the 
troops, but Welle.sley had not 
shared Nelsoifs views. 

Ikifore .sailing from Portsmouth 
with Admiral Coll tag wood as 



orders his ships about what he 
oxptH lefI his men to do if once they 
could close with the French. At 
th<! same time he seems to havt" 
had a very strong idea that ht 
would be killiHl when the battle* 
took place, and ho told Captain 
Hardy that h(‘ wished his bcxiy to 
be conveyed to England and to lie 
in St. PauFs Cathedral rather than 
in Westininst.(ir Abbey. Th»‘ 
reason lu* grive lor this is curiim.s 

Wlu n Ix' was a boy he bad often 
heanl it said that Westminstei 
Abbev was built on land which had 
once been a (k‘ep moniss, and b< 
thought in tlie course of ages that 
the land would again become a 
swamp, and that tlie Ablx;y would 
sink vvithont leaving a trace. 

On S.ttnrday, October 19th, the 
enemy ships Ix’gan to unmoor and 
come out ol tlx' harbour. Nelson 


Nelson *s famous signal to the fleet before Trafalgar 


with his main fleet was fiftv miles 
away, but a chain of ships sent 
messages of t?very movement. Thi‘ 


h i s out through a bcick door. Crowds were Admiral wrote several letters and then 


•second -in-command Nelson paid a visit 
to Lord Sidinouth, and sitting at a little 
study table the great cidmiral marked 
uixm it with his finger diagrams 
explaining liow ho propr)sed to attack 
the combined fleets of France arul 
Spain when he came up with them. 

Iwfiter Ijont Sidmouth had engraved 
upon this table the tollowing inscrip- 
tion : ” On the lotb day ol S<*i)tember, 
1805. Vice-Admiral l^ord Viscount 
Nelson described to Sidmouth, 

upon this table, th(' manner in which 
lx* intended to engage the combimxl 
fleets o! France and Spain, winch Ix' 
expected sliortly to meet. He .stated 
that he should attack them in two lines, 
led by himstdf and .Admiral Colling* 
wood, and felt confident that ho should 
captun.^ either their van and centre, or 


waiting on the beach to see him em 
bark, and they folkmed him to the 
very edg«‘ of the w'ater. Many wcto in 
tears, ot tiers knelt down and blessed 
him as he- pn ssi‘d. 

'* England,” s;iys Southey, ” has had 
many Ixtih's, but never one who so 
entirely po.sse.sscxJ the l(»ve of his (ellow- 
c.ountrymen as Nelson. All men knew 
that his heart wa.s as humane as it was 
fearless ; that there was not in his 
natun* the slightest alloy of selfishness 
or cupidity ; but that wath perfect and 
entire devotion he served his country 
wdth all hi.s heart and with all his soul, 
and with all his strength: and theue- 
fore they love<l him as truly and as 
fervidly as he loved England.” 

When at his embarkation the people 
cheered him, Nelson turned to Captain 


went on deck. 

At thn^i o*cIock he heard that the 
enemy’s fleet had put to sea with two 
British frigates following and watch- 
ing them. Hy tlx^ afternoon of the 
following day, Sunday, the remainder 
of the French and Spanish flwjts had 
come out of luirbour, an<l the whole 
had united and finnu'd in five txilumns 
There was no love lost Ix^twecn the 
French and Spaniards, and Nelson wax 
afraid that they might not fight. 

At last dawn came on Monday, October 
2xst, 1805, the day wfliich was to sec 
such a stupendous British victory. 
Nelson put on his admiral’s frock-coat 
with the stars of the variou.s orders He 
was entitled to wear embroidered on‘ 
the left breast. He did not wear his 
.sword, Trafalgar being, it is said, the 
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only action in which he appeared 
without one, 

" I will not be contt‘ntc*d." ho told 
Hai'dy. “ with capturing les<; than 
twenty sail-obthe-line." 

Alxnit eleven o’clo( k in tlu^ morning 
ho rt‘tin*(l to his cabin, and wIkmi 
Lieutenant Pasco, who acted as signal- 
lieutenant on board the Victory, cniterod 
the cabin he found Nelson on his knees 
writing. He had just tinislu'd jH'nnmg 
these words ; 

" May tlu‘ great fiod, wdioin 1 w<^r- 
ship, grant to my country, and for the 
hencjfit of Liirope in gt moral, a groat 
and glorit)us victory^ ; and may no mis 
conduct in any one tarnish it; and 
humanity after victory b(‘ tho pre- 
dominant feature in llio Hrilish fleet. 
For myself, individually, I cijinmit mv 
life to Him who made mt*, and may His 
bhissing light ujxm 
my o n d c a v o u r s 
tor .serving nn* 

(.Kuint ry faitlif ull y. 

To Him I resign 
myself, and th<‘ 
lusl causfj which is 
«*n trusted to me to 
defend.” 

The British fleet 
was heading direct 
lor the fex}, the 
Victory leading. 

?>felsc>n added a 
codicil to his will, 
which Captains 
111 ac k wood and 
Hardy witnessed. 
riK‘-n hi‘ went up 
on the po('p and 
ordonxl J^^sc.•o t(» 

Nigtial to tlx? Ilc*e1 : 

' Nelson confith*^ 
iJial every man 
will do his duty,” 
riu* lieutenant 
(afterward*- 
\dmiral Pasc'o) 

suggi'stcd thill 
' Fngland "should 
be substituted foi 
‘ Nelson,” and 
llien he added: ” II yom limlship will 
permit me to substitute N^xpects' for 
confides,* the signal will soon be com- 
plet(‘d, because the w’ord ‘ expects ' is 
in the vocabulary, and confides” must 

lx,* Spt‘lt.” 

” That will dcj, P;i.>co,’' rejilied 
Nelson. ” Make it clirectly.” 

And so the Hags conveying the most 
hunous signal the world has ever .secMi 
wore hoisted, .and the mes.sage was 
receiveil with a gn^at .shout of i*n- 
thusiiusm throughout the: fleet. 

Now,” exciainif'd NcOson, turning 
to Captain Hlackwtx>d, ” I can do no 
more. We must trust to the great 
I‘)isjx>ser of all events and tlx’ justice 
of our cause. 1 thank Ckxl for this great 
oppe^rtunity to do my duly.** 

It was only to be expected that there 
would be skilled marksmen on board 
the French ships who, if they got tho 
chance, would aim at the* great British 
admiral, and the English officers were 
very concerned aliout this. 


A numlx'rof tliem consu 1 to<l togiUluu, 
and wanted to urge NMson to lake oil 
his l'nK'k--coat, wnth the star*- oi hi*- 
v'arious orders, and t<> <ion something 
less conspiciums. But noni' ciired to 
lx* the bearer of such a message, lor 
on a prfvioiis occasi<m. when lx* luid 
been advi.sed to covei up the stars, 
he had said : ” In honoiii f gained them, 
and in honour I will die with them ” 

The Battle Opens 

The tw'o fl(‘ets appreaclied oik* 
anotlu*!', V'jlleneuve, the hVencli ad- 
miral, having formed his ships in u 
double line in doge ordt‘r. 

Nelson, with his 27 men-<,)l*wiir and 
lour frigat<'s of^jiostid to the 33 men- 
of-war and seven frigates ol his foe. 
prepan’d to attack in two lines. 
Nelson himself, in the Victorv led the 


one line (d 14 ves^xds, and Admiral 
Collingwxiod the other, consisting ol 
T3 vessels. 

,\s the VicUyry neare<i tlx* French 
lleel, she was met bv a galling fire, 
and had fifty men killed or wounded 
before one* of her own guns was fired 
Then, at a signal from the hrench 
admiial, the whole artillery* ol tlx* 
enemy’s van, formed of seven or eight 
ships, openefl fire upon the* Victory. 
“ Never, }x^rhaps, before in all maritime 
w^arfare.*’ says a naval historian, ” had 
so tn'mendoii*^ a fire l)een direct(*<;l at a 
singk* ship.*' 

Damage Under Fire 

John Scott, Nelson's secretary, was 
killed inslantlv while talking to Captain 
Hardy. The Vtctary was within alx>ut 
500 yards 0/ the Bucentanrc when her 
miz2on topmast w’ent over the side, 
.shot away for about a third of its 
length. Then the wheel was kniKked 
to pieces, and a second or two later n 


double headefl shot ki)l(‘d eight marines 
who w't‘re on llu' pooj). 

NeUon 'll once asked the captain ol 
marines to distribute his men about 
tile ship, so that they might not stiller 
by being too closely groiip<xl together 
But though he was concerned lor th<- 
safely of others, he had no regard for 
his owm safelv. For instance, thf* 
hanniKM ks on his ship starved as 
barriers against the enmny's grape and 
musket shot, but Nebon refusexi to 
allows th<‘sr to be place<l an iix'h 
higher than was usual to protect his 
head, as in th«»t (‘ase tlx'v would hindei 
his \'u \v ol the scf'ue of battle. 

Just as the fire ])egan. Nelson wa^ 
pacing the deck with Hardy, wdien a 
splintin' strut. k the captain’s friot and 
tore the buckle loan his shoe Both 
men stoptH‘d suddenh’ and cNamined 
one anoth«*r, each 
fi'aring that tlu 
other Iiad he(‘n 
hurt. 

'■ I h 1 s is loo 
vv a r m w o r k , 
Hardy, to last 
long," said Nelson, 
with a smile ; and 
then he add(‘d 
that, in all h].s lung 
experience ol 
batth*, he hatl 
never se(*n such 
c o o 1 n e s a n d 
courage as the men 
of ilx' T Vr/ery W'ere 
showing. 

Just after noon 
t h Victor y 
opened iin* on the 
Ihutntaim , She 
discharged a o^s 
}x Hinder carronade 
i o a d e d w’ i t h a 
round sliot ami a 
k(‘g filled with five 
hundred m u s k e t 
balls. Tlusx* were 
shot right into tlu* 
French ship's 
cabin v\indow^ and 
then as the Victory forgetl ahcfwl, all 
the remaining gums ol her broadsidi* 
were fired, om* after llx* other, some 
with thiubli* and some with tr»'hl(: shots 

The thick cluud.s of black srn<»k( 
from tlx* gunpowder of so many guns 
nearly sulfocated the men in the 
l'i/7orv, and all tliose on the tpiartf*! 
deck Of the ship, including Nelson, 
WTre liegrimed whth dust. 

Thi?i first discliargc of the 
guns was disastrous to the Bucentaurc. 
Tw'enty of the French ves.sers guns 
wTre di.smounte<l, and the U».s,s in killed 
and w'ounded was nearly .^00. 

Captain Hardy pointed out to Nekson 
that it w^as imjxissible to pa.ss through 
the* emnny’s lino without running 
aboard one of the ship.s which wen* 
coming together ahead of her. 

” Go on board which you please ; 
take your choice,” replii'd Nelson. 

And so Hardy decided to run 
aboard the Uedottbtablc, which >v;is to 
starboard . That ship firetl oru' broadside 



The VidoTu (marked with a X), breidljftig through the French line at Trafalgar. From 

the pitting by Huggins 
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Nelson falling wounded on the deck of the Vicioru at Trafalgar. From the painting by Benjamin West 


ami tluu, tluoujih loar of 
Iwarrlcd by the KnKlish, let down her 
lower-deck ports and contented herself 
for the rest of the batik; with koepiiif^ 
u]) a fire of musketry from her tops. 

It is said ihiSt thi* l^rcncdimen were 
>o afraid that the Victory*s ji'uns would 
set fire to their shij^— -the muzzles of 
lier ^uns, when the pieces were run out, 
touclim/:^ her sides — that the fireman 
of <’ai:h ^nin of the Rrdontuble stood with 
a bucket of water ready to throw it 
when the Victory fired. 

SouUu‘V tells us that, settin" an 
example himsidf of humanity, Nelson 
twice gave orders to cease firing iiixin 
the Hedoutablr, supposing that she mwl 
>»tnick lx*caiise her great guns were 
silent. It appears she carried no flag, 
and s(» there was no means of instantly 
knowing whether she had struck or not. 
It is sad to think that it was from this 
ship), which ho had thus twice spared, 
that the great linglish admiral received 
hi*-' (k'ath. 

Hardy and Nelson were pacing the 
riock ot the Vuiory, and as Hardy 
turned to retrace his steps he saw 
Nelson in the act of falling. Hefore 
tie coukl support tiiin the admiral 
had dropped with his face on the deck. 
Strange to say. it wa.s exactly the same 
spot when; his secretary Scott had been 
killed a short time before, and the blood 
Df this poor follow, still fresh, stained 
Nelson’s clothes. 

They have done for me at last. 
Hardy/ ^ .said Nelson. 

** I hope not,*’ cried Hardy, 


was the repl> , my back 
bom^ is .-ihot through/' 

Then he noticed that the tiller ropes 
which had Ixx'n .shot away had not 
Ixjon replac(*<l. and he gavt; orders 
that new ones should lx* rovi' 
immediately. 

The wounded adniir.il w'as lit led and 
carried Ixdowr to the cockpit, anti 
always tliinking of others, he himself 
spread his handkenJiief over his face 
and stars .so that his men might not 
know who it was that was being earned 
down. If t)iily he liad conccak;d the 
badges ot honour earlier he w’^ould 
probably not have* been sliut. 

The Scene In the Cockpit 

Ihe coi'kpit was iTowded with 
woumk'd and <lying mt*n. It was 
gloomy w'ith the light of a few .smoking 
oil lampxs, and the atmosphere was 
almost insutferable. The groans of the 
wounded mingled with the thuud(‘r ot 
the artillery overhead. 

Nelson was Ccirried with difliculty 
over the Ivxlies of the wounded and laid 
in a mid.shipman’.s berth. The surgeon, 
Dr, Heatty, then went to him ancl 
began to fxainiiie him. ’’ Ah, Mr. 
Float ty/* Slid Nelson, “ you can do 
nothing for me. 1 have but a short 
lime to live ; my back is shot through.” 

Realising that nothing could save his 
life, ho insisted that the surgeon 
should leave him and attend to those 
to whom he might be more useful. 
When the surgeon returned Nelson 
said : ” Alas, Beatty, how prophetic 
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you were ! ” referring to the fear that 
had be<‘n expiressixl that his decorations 
would e.vpo.st» him to the fire ot the 
French .sharpshooters. 

His ( lothes wen; removed and lu' wvis 
covered with a sheet, but although 
ho w^as in great pain, especially when 
the surgeon probed the wound to find 
the bail, yet he thought ot various 
friends and ptUTiciilaily asked to bc' 
remembered to Ihoin. 

I .un confident that my bark is 
shot through,” he said, but the secret 
of the admiral’s mortal WMimd was 
maintciine<l by the few' who kucw\ until 
the victory of ttie English over the 
combined fleets was assured. 

Little could be done lor the gnat 
admiral. He w^xs suflering terribly from 
thirst and repeatedly called for drink 
and asked to lx* farmed with pajx'r, 
.saying feebly, ” Fan, fan, drink, drink.” 
Ho was given lemonade a.ml wine and 
water, but even amid his sufterings he 
w'as still concerned for the result of the 
battle and the safety of his friend 
Chaplain Hardy. When told that the 
enemy had lxx*n decisively defeatefl, 
he said : ” It is all over,” and asked 
to .see Hardy. 

When the captain was unable to come 
for some time Nelson exclaimed : 
” He must be killed ; he is surely 
destroyed.” Then a message was 
brought that it was impossible for 
Hardy to leave the deck tor the time 
being, but he would descend the 
moment a chance offered. 

The guns of the Victory were still 
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hring, and the concussion added to 
Nelson’s pain, whereupon he exclaimed: 
“ Oh, Victory, Victory, how you dis- 
tract my poor brain ! lulding after a 
pause, How dear is life to all men ! ” 
He had l)een lying in the cockpit over 
an hour before Hardy could visit him. 
They shook hands in silence, and Nelson 
then said : “ Well, Hardy, how goes 
the day with us 

" Vciy well,” replied Hardy, ” ten 
ships have, struck, but five of the 
van have tacked and show* an intention 
to be^ir dowti upon the Victory, I 
have called two or three of our fresh 
diips round, ajul have no doubt of 
giving them a drubbing. 

” 1 ho{)e,” said Nelson, ‘‘ none of oiu 
ships have struck ? ” 

” No, my lord,” replied Hardy. 

’ there was no tear of that,” 

Th<*re was a pause, and then Nelson 
'»aid, “ I am a dead man. Hardy. 1 


am going fast. It will be all over with 
me soon. Come nearer to me.” And 
then he gave the captain v.irious 
messages and commissions to his 
friends. 

liealty the surgeon was again sum- 
moned io his side, and learning from 
Nelson his symptoms exi laimed . ” My 
lord, unhappily foroiir country, nothing 
can b(* done for you.” Then he had to 
turn away to conceal his gnef. 

"God be praised,” said N<*lson 
leebly, "I have 
done my duty.” 

ffardy had to 
leave fijin, but he 
returned fifty 
minutes later, and 
a second time the) 
pressed hands. 

Then hecongratu 
la ted Nelson on 
having gamed a 
complete victory. 

H<‘ could not sa\ 
exactly how many 
of the enemy’'' 
ships had been * 
taken, but tliore 
were fourteen or 
lift ecu at least. 

”That is well,'’ 
cried Nelson, ' but 
I barKiiiutMl (or After the batUe ; thf 
twenty. He 
asked Hardy not 

to throw his body overboard when he 
was dead, as he? wished to bt? taken 
liome to England for burial. 

Then he said, ” Ki.ss me, Hardy,” 
and the captain knelt and pressed his 
lips to the dyitig admiral’s cheek. 

" Now 1 am satisfied,” said Nelson. 
Hardy stood for .some time in silence, 
and then kneeling again kis.sed his 
chief ’vS forehead. 

” God bless you. Hardy,” .said the 
admiral, and the captain then hurried 
away on deck. 

Soon afterwards Nelson became 
speechless, and at last, again muttering 
feebly ” Thank God 1 have done ray 
duty?' he expired at half-past four. 

Southey tells us how it was that he 


had been shot. *' Within a quarter of 
an hour after Nelson had Ix'en wounded," 
he says, ” about fifty ol the Victor 
men fell by the enemy’s musketr)’. 
They, however, on their part were not 
idle, and it was not long before tht^n* 
were only two Frenchmen left alive in 
the mizzen-top of the Uedoutahle. thio 
of them was tlie man who had givi*n tlu' 
fatal wound ; he did not live* to boast 
of wha» he had done. 

The Sharpshooter Shot 

” An old qiiarit?rma.ster had seen him 
fire, and easily recognised him becaiise 
ho wore a glazed <‘ocked hat and a 
white fiYw'k. This quartermaster ami 
two midshi))tnen, Mr. Collingwood and 
Mr. Pollard, wete the only jx-rsons left 
on the Viciofv*s ptx^p ; the two mid- 
shipmen kept firing at the top, and 
he supplied them with cartridges. One 
of the Frenchmen, attempting to make 
his cscajx* down the rigging, was shot 
by Mr. f*ollard, and fell on the poop. 

" Hut tht? old quartermaster, as he 
called out ‘ That’s he, that’s he ’ ' and 
pointed to the other, who was coming 
forward to fire again, received a shot 
in his mouth and fell dead. Hoth tlu‘ 
midshipmen then fired at the sarm- 
time, and the fellow dropped in the top,” 

When the Battle of Trafalgar was 
over 17 F^rench add Spanish ships had 
been captiir(‘d and one burnt. Seven 



After the battle : the Victory with the body of Nelson on board being towed into Gibraltar 


slijps which escaped from the battle 
wert' all captured later, and though the 
English lost 1,587 men, the loss «>f the 
F"n*nch and Spaniards was much greater. 

The Frc?iich admiral, Villeneiive, was 
captured ami taken to England, whe.re 
he remain<‘d till the following year. On 
his way back to Paris he stopjx*d at 
Renne.s and Wcis found mysteriously 
dead in )hx1. It wa.H givt.n out that he 
had committed suicide, but no one can 
say for certain bow he met hi.s deatli. 

Nelson’s liody was brought home for 
burial, and v<‘r\^ strange was its 
journey. There was no lead available 
for the construction of a coffin, and so 
his bt)dy was placed in a large cask, 
which was filled with brandy and 


sealed. The cask was stood on end 
and a sentinel kept guard by its side, 

Th(? Victory sf>e*nt five weeks in 
making the lourney to Spithead, where 
Nelson's body was tak<'n from the cask 
and examined. The bail that had 
passed througli his spine was found 
lodged in the muscles of hi.s back. 

The body was wrapptMi in cotton gai- 
meats, place<l in a leaden ct>llin with 
brandy, < amfihor and myrrh, and then 
after this colli n had been plac<*d in a 
wor>den one the body wa.s taken on bv 
th(? Viilorv in the c.ibin that Nelson had 
occupit‘d in his lifetime. 

It pfoc(‘e(ied to the Dowms, and was 
then tran.sferred to a yacht from 
Sheerness, where it was placed in tlu 
coftm that had already bt^en prepared 
in Nelson’s lifetinu*. (l w'as here that 
th(' great .sailor's n'lnams were view'cd 
by mortal eyes for the last tiini*. As thi* 
collin was low^ered on t{> tlie vacht the 
Victory struck Nelson's flag at the Ion* 
and then it was hoisted half-mast high 
on board the yacht. 

At Gravos(?nd the military and naval 
honours which vvtTe to accimipany the 
remains to their last resting plate began 
Ever\’wh(Tc that the yacht pa.sstHi 
troof*s were drawn up, ships dipjx^d their 
Hags in salute and church bells w'cre 
tolled. 

At Groenwdeh the IkkU' was landed, 
:eid lay in state in the Painted Hall 
ol (ireenwirh 
Ihvspital. 

The l^urial took 
place tUsNf'Ison had 
wished, in St Paul's 
C'athedral, rind iht‘ 
iuneral was one of 
great rnagnifict'iice. 
When Nelson ’s flag 
was alx>ut t(» be 
lowered into the 
grave the sailors 
wdio assisted at the 
ceremony rushed 
forward and tort* it 
to fiieees, that each 
might preserve a 
fragment 

Honf)iirs w*ere 
heajX'd upon Nel- 
son’s relatives in 

towed into Gibraltar "f th<- 

Admiral s groat 

victory and publit 
statues were eree(<‘d in many parts of 
the country, thi* most laiuous ol course, 
being the column in Trafalgar Square*. 

Hut the joy and relief of the nation at 
the great victory were temptired if not 
completely spoilt by the? tragedy of tlu 
victor’s death, and then? were many 
who declared that they would willingly 
have preferred that Nelson should liave 
lived even at the exptnsf? of victory 

Trafalgar was one ol the most deci- 
sive battles in the world’s history. It 
paved the way to Waterloo and St, 
Helena. Englishmen can never forget 
the dcl.)t of gratitudi* they owe to Nelson 
for saving their country from invasion 
by the all-conquering Napoleon, and for 
making her the Mistress of the Seas. 
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THE SIMPLE PRINCIPLE OF THE PERISCOPE 
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The periscope is an important part of a submarine's equipment, for it enables the commander, while submerged, to see what is going on 
all round on the surface of the sea. But although the modem periseopeis an intricate instrument, in a fim^e form it has been known 
and used for nearly a century. This picture shows the principle of the periscope, and any clever boy or girl can make one. It consist 
of two mirrors mounted in a frame and set at an angle of 45 ctegrees. bne below the other. When held up, as shown, a scene on the 
other side of a wall is caught by the upper mirror and reflected down to the lower one where It can be seen. Nainsl periscopes are veiy 
complicated, a prism reflecting the scene down through a series of lenses to a second prism which directs it to an eyepiece 
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THE PERISCOPE AS THE SUBMARINE’S EYE 

If It were not for the periscope the submanne commander would be practically blind when his vessel was 
submerged, but by means of this ingenious device he can see what is going on above the surface of the sea. 

The word periscope means to view around. The principle of the instrument is described here. A drawing 
showing a submarine and its periscopes is given in pages 1 206- 1 207, 


W E have all heard of the porisco^HJ, 
that useful instniniont on a 
submarine which enables the 
< ()mman(]er of the vessel when it i^ 
submerged ti> see wliat is going on all 
round at the surtace of the sea. 

TJ)C idea of Ix'ing able to see without 
l)eing seen is bv no means new. So 
tar back as 1087 Johann Hevelius, tlie 
lamons Cierman astronomer, invented 
^in apparatus of this kind which he 
<'allwi the polcinoscope, from two 
(ireek words meaning war and to view. 
He gave it this naitu* bex;ausc he thought 
(he instrument w^oiiUl Ik* of great use 
in war, enabling men to see the cnemv 
trt>m behind a wall or trench 
without exposing tlie sfiec- 
later to enemv tire. 

It was used to a consider- 
able extent for this fuirixist' 
right down to the hirst 
World Wcir, but it is as an 
eye for the submariiu* that 
the i')erisco|H.‘ has most 
(irovcd its valu(‘. It was 
at the end of the nineteenth 
eenturv that the name of 
jUTiscofie was given to the 
apparatus. 'hhis name is 
mjide up of tw'^o f w ords, 
peri, around, and skopnv, 
to watch, and it i*. an ex- 
t'ellent name, for the fXTi^ 

'^co{)e does really make it 
oossible for the odu'(‘r to 
w^atch over the surface of 
the sea arouiul him. 

The principle of the j)eru 
scope is shown in the jucliire 
the opp(xsit(‘ i^age. It 
dej)ends upon reflection . 
and the fact that light is 
refiected from a plane niirroi 
at the angle at which it 
strikes the surface*, 

Two mirrors are arranged 
in some kind of frame at an 
angle of 45 degrees, one at 
the top and om* parallel 
with it at the bottom. The 
apparatus is held up so that 
the upfjer mirror is above the top of 
a wall or trench and facing the object 
it is desired to see. Hori??ontal light- 
rays strike the face of the mirror and 
am reflected vertically down upon the 
other slanting mirror. Here the rays 
are again reflecte<i so that they are 
once more horizontal, and in this 


way what is liappening on the other 
side of the w^alJ or trench can he 
seen clearly.* reriscojies of this kind 
were used in the trenches in France and 
Flanders during the igr^ -18 War. 

Of course, tor the .submarine the idea 
has fleet! greatly developed and ini 
proved. There it is based cm tlie pnn- 
ci])]e ot the dark room in photography, 
and bv means of a telescopic arrange 
nient tlie tuln^ can be rai.sed aliovc the 
surface of the water or lowered as 
desired. 

J'Ik* lulie of a submarine telescojie is 
nsually about thirty feet long and 
si\ inches in diameter. At the top 


the diameter is sotneiimes reduced to 
two inches or less. In ortl(*r that the 
field of view may be increased, the 
[leriscojie is fitted throughout its length 
with a whole series of lenses which 
have the same effect as if the specta- 
tor’s eye were near the top of the tube. 

It may be asked why the tube 


should be so narrow at the top. Well* 
this t.s to make it less con.spicuoiis and 
reduce the chances of its being seen 
by an enemy. On the other hand, it 
must be at least six jnclus at the place 
wliere it is in the water, for as the 
submarine moves along the force of the 
water tends to beml the tnl>e. A 
smaller tube would l)end so much as 
to shut off the vi.sum. 

A curious use to which the T)cns(‘o]X' 
has Ix^en adapted in America is that (d 
.showing on a screen in one room a 
<iurgical f>]>eration being perfonned in 
an adjoining* operating theatre. A 
mirror and jirism are arranged im- 
mediately over the ojiera- 
ting table and the scene is 
caught and directed through 
a pens>c'.ope tnlie placed hori- 
zontally. 

By means of a jxiw^er- 
fnl light the reflection is 
thrown upon a screeti, a 
lens inagni lying the sf‘,enc. 
In this way a far larger 
numlHT of students can 
vvatcl) the details of the 
i-iperatinn than w'ould be 
jTossible without the ris- 
sistance of the iastrument. 

In some hospitals, ojiera- 
tions arc now' televised and 
the picture projected on to 
a cathode screen for the 
Ixmcfit of students in another 
room. 

In the latter half ol the 
nineteenth century opera- 
glas.se.s were sometimes made 
on the jx'riscofie principle 
so as to enable jx^ople to 
look obliipiely at others 
without appearing to fie' 
staring at thorn. 

Prismatic bin(x:ulars are 
made on .someAvhat the 
same jirinciple, as can l>e 
seen from the ])icture on 
this jxige. ’i^he great advan • 
tage of thi.s form of field 
glass is that the instrument 
is very greatly shtirtoned and reduced in 
weight, and at the same time the range 
increased. The optical value of such 
a pair of binoculars is very much the 
same as that of a telescope* or pair of 
gJa$se.s with len.ses of similar magnifying 
p<jwer, but with tiilxjs more than twice* 
the length. 



Here we see how prismatic binoculars work, and why they can be made so 
much shorter than ordinary binoculars of equal power. We see the 
binoculars in the position in which we hold them when looking through them. 
Inside each tube is arranged a pair of prisms. The rays of light, indicated 
by dotted lines, from the distant scene enter through the lenses, pass to the 
prisms opposite and are bent and reflected by these to the second pair ot 
pnsms, where the rays are again bent and reflected through the lenses of 
the eyepieces to our eyes. 



EXPERIMENTS WITH A BOUNCING BALL 


T hekk are many iuterestinM s( i<Mi- 
tific facts which we can learn 
from apparatus no more elabiir- 
iite or expensive than an ordinary 
indiarubbcr ball 

l^t us take the fiall and bounce 
It up and down vertically on the , 
ground, seeing how* many times 
w<i can make it bounce without | 
letting it go oft at an angle. Per- j 

haps wH* <an do this a dozen or a j 

score of times, as we have done it | 
on many oc(:^lslons before. i 

Hut have wi; over stop]>(*d to i 
w onder why soonei or later the ball 
goes ott at an angki and so we 
spoil our score ? Well, thcreavson 
is that a ball thrown against a Hat 
surface always bounces oft at the i 
same angle as that at which it 
struck tlui surface. 

Now if we throw the ball down 


the mirror at an angle and are retiected, 
or bounce oft, w'e may say, at the same 
angle m the opposite direction The 
game of billiards depends uimn the 






ball bounced at right angles to the ground or 
w*all returns at the same angle 


fact that an elastic ball rebounds from 
a surface that it strikes at the same 
angle at which it struck the surface. 
A good billiard player is one who 
utilises his knowledge of this fact. 

One other experiment witli a ball 
IS worth carrying out, this time 
with a football. We l>ounc.e it on 
the ground and then two of us kick 
it at the sami' angle but in different 
directions Wliat happens to llu‘ 
ball ? Well, it goes in neither 
direclion in which it is kicked, but 
somew he*re between the two. 

“ Of course it <loes ! ” says st)me- 
one. Yes, but why ? Well, scienci 
tells us that if two forces strike* 
an object such as a ball, tending 
to drive it in o])]>osite directions, 
the fortes and directions can be 
^ ropre.si nted by tw^o straight line.s, 
their lengths being in proportion 


vertically the angle at which it 
strikes the ground is one of yti 
degrees, that is, a right angle, and’ 
so the ball ret unis or bounces back 
to our hand at the siime angle, 
which means it comes up vertically. 
If, however, by chance we strike the 
ball with our haiiil not quite evenly 
so as to make it strike the ground 
at some other angle, instead of 
coming up verticalty it goes oft at 
a slant and thus we miss it. 

We can prove that the ball 
IxJiinces oft the ground in the 
opposite direction at the* s<imu angle 
at which it struck, by a very' 
simple experiment. Let us stiind 
a little distance.* from a companion 
and throw the ball at a spot on 
the ground midw^ay between us 
both, trying to let the path of the 
ball from our hand to the ground 
make an angle with the grounil 
of 45 degrees. Wt* .shall find that 
the ball will bounce up in the 
other direction, towards our com- 
piinion, at the .same* angle* 

It is quite interesting to inov<* 
larther and farther away, so that 
the angle at which the ball hits the 
groun<t becomes more and more 
acute. It always bounces up in the 
other direction at the same angle 
The second picture makes the 
matter clear. 

Of course, instead ol throwing 
tlu? ball at the ground we can pitch 
it against a vertical wall, wlien 
the same facts are true. If lh(‘ 
ball is thrown directly at the wall 
so tis to make a right angle, it 
comes back to the hand, but if it is 
thrown so as to strike the wall at 
some other angle, it goes oft at the 
same angle in the other direclion. 

These simple experiments with 
a rubber ball are interesting because 
light behaves in the same way 
when it strikes a mirror. Let two 
of us stand at some distanci^ from 
one another looking into a mirror, 
which is midway between us. Wt* 
each see the other, although we 
cannot see ourselves, because the 
light rays from each person strike 



A ball rebounds from the ground at the same angle 
at which it strikes, only in the opposite direction 



A ball thrown at a wall at an angle acts in the same 
way as when bounced on the ground 



Rays of light are reflected or bounced back from a 
surface in the same way as a ball acts 



A hall kicked in two directions at once goes in neither 
but along a line somewhere between 


to their ftirct's 

Now, if we iisti these two lines 
MS two sides ol a parallelogram, 
and draw the other two sides, the 
actual din*ction in which the ball 
will go representecl by the 
diagonal tif the ))arall(jlogram. 

If the lines of ilirection of the two 
kicks are drawn so that their le.iigthvs 
represent tht' amount of force in 
each rase, then the diagonal of the 
parallelogram formed upon them 
will represent not only tlu* direction 
but the distance to which the com- 
bined kicks will cany the ball. 

We have already seen on Pcige 937 
how the parallelogram ol forces 
comes into play when a ball is 
hurled into the air. 

'I'he extc*nt to which a ball 
bounces de|K.‘nds upon its clasticit) 
We have .st‘en and tested this in tlu 
ex]^)CTiments described on Page 595. 
In tbost* exju'rimeuts a reV>ound 
depcmlod ujuin the elasticity of tlu* 
material ot which the various ball*-* 
used w(*rt^ made. 

We can caiTy out further experi 
inents with a ball by Ixiuncmg it 
upon .surfaces ol different materials 
It we take* our ball out into the 
street or playground and bounce 
it on the hanl stone or concreft* 
surface we shall find that it will 
bounce up very high and continue 
bouncing for some time, reaching a 
less height at each bounce, as the 
energy originally given to it is used 
up. 

But if ive now lake the same ball 
on to a beach of soft sand and 
bounce it there we shall find that 
the ball hardly rises at all. When wt^ 
threw it down on the beacl^we im- 
parted to the ball as much energy 
as we did when we threw it on tht‘ 
pavement or playground. But in 
the case of the sand the energy of 
the ball i.s used up in moving the 
loose grains, and when the energy is 
used ill this w^ay it is not available 
for throwing the ball up again. 
The hard stone pavement or con- 
crete playground is much more 
elastic than the loose, soft sand. 
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J'hi }kU A'2 Huspcndcd hr 
nrafh it\ '"mother" plane, 
a Hoeing />’50 bomber. I'hr 
liell A’ 2 IS used to invest v 
gate the excessive heating 
and other problems assim 
ated with high-speed flying 




I ht Hell A 2 \,ipluiug loxkrt 
poirered research monoplam\ htrx 
s<r>» abate hill iountiv tn I'exa'^, 
ha.\ flou'tt at u ^pi ed of i .<)0() wile\ 
an lanir I he sfued /» not oflUuilh 
retognised, as the aircraft uas 
iurried to an alt it ad e of v >/><><> /*•! 
by a “ mother " plane, and the 
fitghi lasted toi oidv a ttu stennds 








This photograph of the ICnglish PAeetru 
F.i shows the sharply-swept angular 
mngs of the first .supersonic jet^ fighter 
designed for the Hoyat Air horcc to 
destroy guided misiiks, I he P.r ts 
perwered by two Armstrong Siddeley jet 
engines mounted one above the other tti 
the narrow fuselage. The aircraft a 
speed of more than 1,250 m.p.h. It ts 
armed with ‘5 autornaiic cannotu arul 
guided missiles mounted under the 
wings and eontrolled by the pilot. 
There ♦*' also elaborate radar equipment. 


X 
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DONKEY-POWER FOR RAISING WATER 



We often hear of horse-power, a reminder that when steam-eng^lnes came into use their power was compared with the work that a horse 
could do. Here we see an example of donkey^power, the great wheel on a farm at Kenworth, near ZHinstahle, used for drawing water 
from a well, being worked for centuries by means of a donkey. The animal, or rather a succession of animals, has been trained to 
go into the wheel and walk, turning the great apparatus as it did so. The animal that turned the wheel has for centuries been fitted with 
curious up-turned shoes to facilitate their movement in the wheel. The great wheel at Carisbrooke Castle, in the Isle of Wight, used 
for drawing water from the deep well there is worked by a donkey in the same way. Of course, in the days before the invention of 
the steam engine, a machine of this kind worked by an animal was a very us^uf device. Nowadays it is merely a curiosity 
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Marvels oF Maci^nerYi 


MACHINES WORKED BY ANIMAL POWER 

The giant turbine of to-day, whether driven by steam or water-power, is only the successor or descendant of 
much simpler machines that did good service in the days of old, and a few examples of which are still to be 
seen. On this page we read something <»bout the treadmill worked by man or beast, which provided power 

for the drawing of water or other useful purposes 




P EOPLi*; <)fleu speak of the tread null, 
who havT a v<^ry vagiu* idea in- 
ileed of what a trcadniiil is or 
was. llie name w^as given to a device 
intnxluced by Sir William Cubiit in 
I Si 8 for use in prisons and it consisted 
ot a large cylinder ot wi)od with many 
rows of steps upon it. 

it was arranged in an iron Iraine and 
prisoiiei*s used to st(*p on to the cylinder 
and then, steadying themselves by 
holding a bar. walk up the stejis con- 
tinuously. .\s they din so their weight 
caused th<i gn?at cylinder to rotat<‘, so 
a cx>nstant mr)vement was ke])t up. 

Sir William Cubitt’s idea was that the 
man-power of the jirisoners should be 
turn^ to useful purfxjses. In some 
cast's the treadmills were linked up with 
machinery which was worked by their 
means, but in many eases the nnm 
simply trod the mill as a [uinishment 
and nothing resulti'd Iroiii their 
lal’Hmrs, Kveu at the beginning the 


present ct^ntury there were a lew tread- 
mills in h’nglish priStms, but they hav(‘ 
now been discontinuetl. 

It was really tbt‘ last atU‘mpt m 
Ihigland to use man |>ower on a large 
scale for th<^ prochiction ol rotary 
motion. It is ( ertainly a very^ unpro- 
ductive form tjf p< Wi‘r/even when })ro 
duced by pnstmers. Steam and ehc- 
tricity or iallitig water do it so nuicli 
better. 

Of course, t'ubitt’s device was not a 
new invention. The treadmill worked 
bv man or animal power had long been 
in use and even t<i-day in a few })lac(.*s, 
th(‘ idea is still carried out for tlu* 
drawing of waler^ as at Carisbrookt* 
Castle in the Isle of Wight. There the 
null takes the form of a trcad-wbet^l, 
fifteen feet in diameter, which is worked 
by a donkey. As it walks on tht* 
inner part of the r|m the wheel rotates 
and draws up watt'r from a well 
1,^5 feet deep. 


Thc'iv are one or two other similai 
wheels in rlifferent parts of the country, 
wdiere eithiT a donkey oi a man by 
walking constantly inside the rim turns 
the wheel and works a windlass. In 
Wales somewdiat similar tievices are. 
wf irked by dogs for turning churns. 
Slats of wood nailed across the wheel 
gi\ e a foothold for the man or animal. 
The old spits in maiision.s were oit(*u 
worked by dog-jxjwi'r. 

Such old devices are interesting as 
being examples of early macliinery and 
ilu* detenniiiation of man to usc*s(.)me 
power beyond his own to do his work. 
Of t'oiirse, all such c rude devices must 
eventually give way, if they have not 
alrt acly done so, to machinery worked 
by steam, electricity, oi petrol engines. 

To realise how far man has advanced 
m his improvement of machinery, we 
have only to compare these old tread- 
wheels with the fine steam turbine 
shown on pages 1222 and 1223. 





A tmdmiU worked by man-power at Bearworth in Hampshire for the purposes of drawing water from a 300 ft. well. The wheel 
is twelve feet in diameter and as the man walks the great whed moves round and round turning a windlass 
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HOW AN UNDERWATER WARSHIP 


.‘I \uhwannc is really a ship ix'iihtn 
a ship ; that ts, it has an ouUt and 
an inner hull. When the (ommamUt 
oj a suhniarine wishes to sahmetnc he 
orders the ballast tanks in the outer 
shell ot hull to he jUnnled with sea 
watci I Ins « done l>y turmnfi a wheel 
ni the control room which opens a 
series of valves. At the same time the 
Ux'droplanes at the stern and hou' arc 
fur He'd down, so Joretng down the bow 
of the vessel. I he hydroplanes are a 
form of rudder, hut instead of niovtnn 


Ironi side to side they move up and 
down. /4 a the submanne dives, the 
diesel engines used for surfaie eruisiny 
are shut off, and the propellers are 
driven bv electric motors iakiny, their 
power from storage batteries. When 
the required depth is reached, manipU' 
latwH of the hydroplanes keeps the boat 
level. A submarine can dive to depths 
of betzveen 200 and 400 feet without 
the rush of water pressure damaging 
the hull. When the laptatn wants to 
see what ts happentne 0*1 the surface of 


the water above him, the. submurine 
is kept at. what is called periscope 
depth ; that is, with the top of the 
periscope about three feet above the 
surface of the se%. When the sub- 
murine tA to be brought to the surface 
again, compressed air is blown into 
the flooded .submerging tanks forcing 
the zvater out. The hydroplanes are 
turned upwards and help the boat to 
the surface. The electric motors are 
switched off and the propeller shaft 
cl niched info the diesel enctne 




Until the 1939’45 War, the length of 
time a submarine could remain sub- 
merged um strictly limited and depended 
upon two things : the state of the batteries 
driving the electric motors, and the 
supply of air for the crew. Cruising at 
a s^ed of ten knots, the submarine could 
move about for a couple of hours ; she 
then had to come to the surface to charge 
Her batteries, which is done from a 
generator driven by the diesel engine. 
The diesel engine cannot be run when 


the submarine ts submerged as it not 
tmly uses up air, but Us exhaust creates 
a ^sonous atmosphere. If necessary 
the submarine could remain motionless 
on the seabed for 48 hours, by which 
time the air inside the hull was breath- 
able only by releasing oxygen or by 
burning chemical candles which absorb 
the poisonous carbon monoxide, in 
1944, the Oermans fitted to their sub- 
marines an underwater breathing device 
called a Schnorkel. This consisted of two 


retractable tubes which could be extended 
above the surface of the sea. The lower 
end of one tube was attaihed to the air 
intake of the engine, and drew in air 
from the surface through an extractor 
fan. The end of the other tube 
fixed to the engine exhaust and carried 
the poisonous fumes to the surface. In 
this manner the diesel engines could be 
run underwater without harm to the 
creu). A fter the 1939-45 War a Schnorkel 
device was fitted to British submarines. 






Here you can see what it is like inside a lar^e ocean-going submarine and have some idea of the mass of equipment and machinery that has to be 
crammed into a small space. A submarine ot the type illustrated displaces about x,i90 tons on the surface and t.yoo tons when submerged. Her 
length is 320 feet and her surface speed is about 18 knots. She can travel a distance of 8,000 miles on the surface without refuelling, but submarines 
seldom make such long voyages and generally operate at ranges up to 1,000 miles from land bases or from supply vessols called mother ships During 
the I93P*45 War the japaneee navy Imilt huge submarines displacing 5,000 tons and having a surface speed of sx knots but they were not suceessfur 
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GOES ABOUT HER DANGEROUS DUTIES 


Radar 


The iiim r hull n suhmarmr jf lallai the 
pressun' hull, ami is sub 'divided inUt a 
mtnther of n atcrdinht lompartments. Vhv 
middle compart meut is immediately undei 
the conning tower and coniatns the compli' 
rated mass of insirttmeni'i that controls 
and nianti'Uvres the submarine both on the 
surface and when submerged. The steerme 
wheel, the handwheels that operate tin 
hvdrfyplanes, the trimmers for tiring, the tor 
pedoes, the motor switches and the navi nation 
equipment are alt housed ttt this com- 
parutivety small <tpace. In the bow and 
stern of the submarine are the torpedo tubes. 
These are fixed and they must be aimed by 
turning the submarine' in the direction of 
the tar git. In addition to her torpedo tubes 
a submat me tames tt&o guns One, a 


4-tnch, Is mounted tn front of the conning 
fower and is fur engage g targets ichile thi 
vessel ts on the surface. The other, mounted 
aft of the conning tower, is for defenci 
(I gainst af tacking aircraft. Some submarines 
itlsit have a ( innpartment in the stern from 


Ma/rf //a6c/> 


Schnorkef 


Br^hingDevice 


which mines lan he laid while the vessel 
is subnu'fgcd. Immeduitcly forward of the 
stern torpedo tubes ate part of the crew’s 
quarters, and then the electric motors and 
diesel engines. 7 he remainder of the crew's 
quarters me just aft of the bou' torpedo 
tubes, iurrward of the control room is an 
electric galley where hot meals can he pre- 
pared while the submarine is submerged. 
There IS also u small radio cabin, although 
this can be used only on the surface. When 
submerged one submarine can signal to 
another by an echo sounder, rather like 
that illustfaied and described on page 736. 
The radio cabin also houses a radar trans- 
mitter and screen for detecting targets, but, 
like the radio equipment, can be used only 
mi the surface. .4 magnetic compass ts 
of little use tn a submarine because of tiu 
large amotint of ekcirical machinery on 
iHtard, and navigation when submerged is 
by a gyrn.scopf compass which works tn- 
depctidcntly of the earth's magnetic pole. 
The escape hatch near each end of the sub- 
marine i.s a form of airlock, through which, 
tn the event of the submarine meettng with 
an accident that stops hei being able to 
surface, the crew may escape with the help 
of a Dams breathing mask. The lailer fits 
over the wearer’s face and supplies him with 
air until he reaches the surface, A notbet 
safety device used by a submerged submarine 
in distress consists of a hnov mounted on 
(op of the hatch and released by pulling a 
lever inside the boat. The buoy rises to the 
urface and flashes an electric lump on Us 
tp, M the same lime a radio transmitter 
in the buoy sends out a distress call 
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and inrere never used m action. Inventors had been trying to buUd submarines since the 17th century, but none was successful until 1885 when 
T. Nordenfetdt, a Swede, built three submarines for the German Navy. Thereafter considerable progress was made, particularly in the United States 
of America. The first submarine for the Royal Navy was built at Barrow-in-Furness in 1903 from American plans. The first entirely British 
submarifit was the A class, which went into service with the Royal Navy in 1905. This submarine was the first to have a periscope. In the 
1914*11^18 and 1939-1945 wars the Germans concentrated on long-range submarines (U-boats) for attacking merchant convoys 
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HOW AIRCRAFT LAND ON INVISIBLE AERODROMES 


N ot tio very Joni; it vvah very 
dangerous for a pilot to attempt 
landiii/j: on a fo^*, boiinfl airjKirt, 
and he had either to tly atnait until tht* 
fog lifted or to tr>' to make lor an aero- 
drome where the weathiT wa-^ clear. It 
he did not have enough petrol to 
continue flying, he had to land some- 
hf>w, even at the risk <d crashing. 

On page 340 \\'e saw how by using a. 
radar transinittei an<l receiver an 
opcraloi’ on the ground can find the 
fxwition of any aircraft over his aero- 
drome without actually si'eing it. A 
further cleveIoi)ment of radar has made 
it [xissible for an aircraft to land on an 
aerodrome which the pilot cannot sec. 
i'his is called (i.C.A., meaning Ground 
Control Approach, because the operator 
on the ground controls the course of the 
aircraft as it approaches the airport. 

On the edge of the airfield is a radar 
transmitting receiving set, usually in- 
stalled in a motor-van so that it can be 
moved about. 

Immediately the weather becomes 
operator in the van begins 


transmitting radar impulses. The aerial 
broadcasting the impulses is constantly 
revolving, and as the transmitter has a 
range of 30 miles it covers an area of 30 
miles all round the aerodrome. 

When the radar lieam makes contact 
with an approaching aircraft, the im- 
pulses are reflected backrfrom the aero- 
plane and picked up by the receiving 
aerial. 'I'he received impulses then cau.se 
a continuous s|x>t of light to ap|K*.ar 
on screens, like those of television 
receivers. 

One of thi* .screens has a trans|.)arent 
grapli aiTo.ss its face marked m heights 
by thousands of feet, and from this the 
operator can .see at once how high the 
aircraft is flying. Another screen is 
marked round its circumference with 
the points of the compa.ss and with a 
nundxn* of cxmcentric rings, that is, 
rings one inside the other and all having 
the same centre. The rings arc spaced 
to represent a distance of ftve miles 
apart, so that from the position of a 
white blob which the received radar 
tx'ho causes to apj>ear on the screen, the 


ojierator can tell from which direction 
the aircraft is flying and how far awa>' 
it is. 

The radar optTiit<.)r then gets into 
radio communication with the pilot and 
instructs him a,s to the course be mu.st 
fly ti) reach the aerodrome. Thereafter 
the operator followrs the flight of the air^ 
craft as tlie white blob moves acros.H the 
screen. When the pilot reaches a certain 
distance from the aerodrome he is told 
the direc'.tion of the runway on which he 
is to land, and when to begin gliding in. . 

By using an illuminated chart of the 
runway and by watching the moving 
blob on his radar screen the operator 
instantly know^s if the aircraft is flying 
on the right course, and if not he radios 
the pilot to change direction until the 
blob on the screen is again moving to 
show that the aeroplane is flying 
directly towards the runway and at the 
right gliding angle to land on it. The 
radar ojierator thus kcep.H the aircraft in 
“ view ” until the pilot has the wheels of 
his aircraft safely on the ground and 
taxis to a standstill 



This picture diagram shows you how Ground Control Approach helps the pilot of an aircraft to land on an aerodrome he cannot see. 
In the top right-hand circle is the radar transmitting and receiving ran, and in the bottom right-hand circle we see the radar operator 
seated in front of his instruments. Extending from Bie middle of the drawing down to the bottom left-hand comer is a picture of what 
the radar beam would look like if we could see it. In the top left-hand corner the pilot of the aircraft is listening to the radio mesiMiges 

which guide him to safety in the thiclMst fog. 
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OUR DEPENDENCE ON REFLECTED LIGHT 

If it were not for tKe fact that light is reflected, that is. when it strikes a surface it is thrown back in the 
same way as a ball is bounced on a wall, we should be unable to see anything except what shone by its own 
light. We read in other parts of this bobk about how light is reflected, and here we find many more interesting 

facts about this important scientific principle 


W K all know 
what IS nu*anl 
when w'c are 
told that I if> ht is 
reflected, 'rhr w'onl 
“reflect’* simply 
means “ l)enil back,’* 
and that is what 
reflection is. The 
light slnkt's a suit ace 
and it IS at once bent 
and turneil back. 

We get a verv 
striking and evident 
exainpl(‘ of the ndh'C- 
tion or liending back 
of light w’hen \vt* take 
a piect» of looking' 
glass, catch tlu* sun’s 
rays in it, and then 
turn tla* glass at an 
anglt‘ so that the rays 
of light will be 
dirccU‘d into the lace 
(if some person a dis* 
t am (‘ away. This is 
.1 very iainiliar joke 
ot boys and girls. 

Sun-Writing 

Sometimes tlu‘ rav 
of light from the sun 
is (‘aught by a mirror 
near a wnndow on om^ 
side of the street and 
tlirei ted ac ross to a 
window in one of the 
fiou.st'S on the other 
sid(’ of the stn*t‘l 
This reflection ol 
the sun’s light by a 
mirror was used for 
military signalling 
until the introdiU' 
tion of radio A 
mirror wdiich turned 
at all angles was ar- 
ranged on a tripod 
or other stand and 
the sunlight caught 
by it was fla.shed 
across to wherever it 
was desired to send 
a message, tiy using 
a code the number 
and arrangement of 
the flashes indicated 
letters and »(.> spelt 
out a message. 

Such aninstru- 
me nt is called a 
heliograph, that is, 



This photograph shows the strange effect when light is reflected from a mirror 
that has a slightly uneven surface. The reason for the distortion is that the rays 
of light, instead of being reflected regularly as they are from a level mirror, are 
thrown off at various angles, and so we get an abnormal image 


an uistruinent that 
doi\s “ sninwriting.'* 
l^fty years ago the 
h(‘hograph wa.s the 
thief means of send- 
ing messages from 
one body of troojis 
to another aeioss 
ctninlry wh(*re there 
W(‘re no telegra])lis 
It IS sometinu's used 
to-day for signalling 
between ships at sea, 
or from shore to shi}>. 

W v must be qnitf 
( lear that a ndleetion 
IS a very ditferent 
thing Irom a shadow. 
We 41II know thi‘ old 
Aesop’s Fable, wliieh 
goes by the name oi 
“Tlu^ Dog and Hit' 
Shadow." Thi‘ story 
t(.‘llsh()W' a dog, w'hi(.b 
had stolen a jneei* oi 
meal Ironi a butt tier’s 
siioj), was (j'ossing a 
river tin his way hom<‘ 
when, as the fable 
.sa y s, '• h(‘ s»i w h i s 
own sliadow reflected 
m the sticam below " 

The Other Dog 

Thinking that it 
w.is another dog w ith 
anot ht'r piece of meat 
ill his month, con- 
tinued th<* fable, he 
rt* solve cl to make 
hinisidl mastt'r of 
that al.s(>, but in 
.snapping at the sup- 
pose* <1 treasure, ht* 
dropped lht‘ meat ht* 
was carrying, and so 
lost all. The moral 
to this fable is givfm 
in the words: "Cl rasp 
at fht* shadow and 
U)B<‘ the substanct^" 

The pal able is 
(juitt^ interesting au<! 
the moral gootl, hut 
w^hat the dog saw 
was not his shadow 
at all, it was his 
reflection. A shadow, 
as we have already 
learned on pages 733 
and 734, is meroK 
the cutting olf ol 
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MARVELS OF CHEMISTRY AND PHYSICS 


li^(ht by fin opa(|ur 
so that the outline of the 
opaque obje< I east upon 
ih«‘ f^ronnd or tq>on .i wall 
with tlie lij^ht that has not 
been cut oil slmiiuji; all 
rt)un<b 

A relleetion is a very 
dith-renl thin^. So far 
jroin the dittin^^ ott 

of lijL'ht. It lb the throwinf* 
back of light to our oyes. 

'I‘he, n'ileetioii of light is 
really an important fact, 
not only in si lenee, but in 
rvervdav life Have w«‘, 
ever t hought hov\ nuieh we 
are (lep(mcle'nt upon it not 
<Mily lor our hapt>in<-ss and 
pleavSure but lor almost 
(‘verything that we do ? If 
it were not foi the fact that 
light is retleet(‘d from the 
surfaces on which it falls, 
we should b(' to all int(‘uls 
and purpos 's blind. 

We should S(M‘ such 
fibjee.ts as th<‘ surt, tiie elec- 
tric light, the gas jet, the 
candle flame, and the red 
hot poker which shine by 
their own light. 

They provide light 
and the rays would 
pass direct to our 
eytis. But wo 
should see nothing 
that (lid not itself 
give out light. 

We should be 
unable to read this 
book or see the 
pictures in it ; we 
should fail to see 
our friends, or, in- 
deed, anything 
that was not lumi- This dia 
nous. It would be The obj 
a dark, blank world 
to US, Our eyes 
would be practi 
cally useless. 

We have already 
seen on pages (»2i, 

(175 and 1013 how 
the light is reflected 
from plain or flat 
mirrors and also 
ftiJiu curved mir- 
rors. We have 
seen, too, that a 
rough surface 
reflects or bends 
back the light, but 
does it in all direc- 
tions, so that the 
light is diffused. It 
is because of this 
that a room is light 
enougli to see and 
work and read in, 
although the sun 
does not shine 
directly into the 
window. 

Perhaps, as in Themt 





¥■ 


Many images seen when we look sideways into a mirror 


r/rsi reflection on back 


\ ht/iere the ref/ect/or?s appear 
^tnc eye (ookfng slant wiee 

Second reflect /on 
or back Third reflect/ on ^ .. 

isv .., , fl on back daeftwn 

on back 


This diagram shows why we see many reflections when looking into a mirror at an angle. 
The object is reflected first by the front of the mirror, then i>y the back, and then at an 
angle to and fro between front and back till all the light is absorbed 
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The multiple reflections when an object is viewed in two mirrors placed at right angles 


the case of many officers, 
the sun is shining in the 
opposite direction from th«‘ 
window of the room, but 
the rays are reflected or 

bent liack by the wall opp(»- 
site, which may |)erhaps iH' 
covered with shiny whit(* 
tiles, to reflect more evenly 
and directly. Then the 
rays that come into the 
n>om strike all .sorts of 
rough surfaces, and so the 
light is diffused and nearly 
(‘verylhing in tlie room is 
illmninated. 

A snujoth shi'.et of water, 
like a silvered glass mirror, 
r< ‘fleets the light directly, 
so that we s(h' an image of 
what is befort.* the mirror. 

But if the surface of the 
glass or the wattT i.s not 
('xactly even then some 
sLrangt‘ I'tfects m the way 
of ivileclion are obtainixl. 
We can .H(‘e this in the case 
of tilt' water on page 1212, 
where, owing to the rijipling 
of the surface by th<‘ wiml, 
tlie masts and sails juul 
other parts of the 
boats in the reflec- 
tion appear all 
zigzag. 

The same thing 
i.s seen in the ca.se 
ol mirrors which 
are not quite level. 
One or two ex- 
amples are given 
on these pages. It 
wants very little 
mecjuality of the 
.surface to produce 
the most grotesque 
1 angle. 3L*^d amusing 
i at an effects. One does 
not need to have 
very much scien- 
tific knowledge to 
know this. Even 
t he showman at 
the fair is awanj of 
the fact when ht* 
invites you into 
his Hall of Magic 
Mirrors, in which 
you S(.ie yourself 
divStorted in all 
sorts of ways, 
according to the 
particular mirror 
in which you are 
looking at the 
time. Part of you 
may bt^ lengthened 
wliile another part 
is shortened, or 
some section of 
your body may be 
mvert(?d while the 
other is the right 
way Up- 

While the image 
angles in a plain or level 



MARVELS OF CHEMISTRY AND PHYSICS 



Two aniusinii examples of the strange reflections that are mirrors when their surfaces are slightly irregular. Any curvature 

will cause distortion, often with 4Sii^ncerting results to the person reflect^ 


mirror is not distorted it must 
be reniemliered that it is not 
an exact count^Tpart of the 
object producing it, for the 
right hand of the object be- 
comes the left hand of the 
image 

We soon recognise this if we 
hold this printed p.igc before 
the looking-glass. The letters 
are the right way up, but they 
are reversed. If we writi' a 
word in ink anrl blot it quickly 
wHh a clean piece of blotting- 
pafier it will appear rc'versed 
on the blotting-papm. 

Now, if we hold Iheblotliiig- 
paj>t*r up hefon‘ a mirror the 
writing will agjiin be reversed, 
and we shall be able t(» read 
the w'ord correctly in the 
mirror. 

In a realiv l(*vel mirror with 
no inecpiahties the reflection is 
almost perfect, and both meai 
and animals have before now 
run into mirrors, the edges of 
which were concealed, not 
realising that there was a 
mirror at all. They were un- 
able to see the mirror because 
everything before it was 
reflected sc^ perfectly that it 
gave the illusion not of a pi ass 
surface, but of an open space. 
It is because of this reflection 



This photograph shows the effect upon a reflection in the 
water when the surface is slightly ruffled by the wind 


that large mirrors in a hall or 
room always rnaki' the room 
appear much bigger than it 
really is. 

As a proof of how confusing, 
s o m e t i m v s. thtf rev t,*rsal of 
objects reflcctcil in a mirror is 
we can carry out one or two 
experiments. 

Standing before a mirror 
with a pit‘ce of paper and a 
pencil, we try, witliout taking 
our pencil off the papei , and 
looking only into the mirror 
and not at our hand, to draw 
a square or oblong with »ts two 
diagonals. 

When we have made the 
rectanglci wc shall almost cer- 
tainly carry the pencil in the 
wrong directit)!! loi the dia 
gonal. So that w'c mav not 
unconsciously see our hand, we 
should get a ln<‘nd to hold a 
paper under oui dun, shutting 
off the view, so tliat we see 
only the reflection in the 
mirror. 

We should try al.so by follow- 
ing only the reflection of our 
hand in the glass to write or 
print our name on a puMX* of 
paper so that it appears the 
right way up as we read it in 
the reflection We shall find 
this exceedingly difficult. 
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WHY A HAMMER DRIVES A NAIL INTO WOOD 



We drive a nail into wood by striking it sharply on the head with a hammer. The hammer possesses what we call kinetic energy, 
that is a power to do work due to its mass and its speed or velocity. The work it can do is equal to the work done in imparting this 
speed to the hammer's mass. Each blow enables the hammer to overcome through a short distance the great resistance which the 
wood offers to the entrance of the nail. The bench in the first picture prevents the wood from moving. But if we try to drive in a nail 
^ in the second picture, even if the other end of the plank be fixed, it is exceedingly difficult to do so. The wood can bend and the nail 
is able to move through some distance without meeting with as much resistance as the wood offers. If, however, as in the third picture, 
a block is held'under the end of the plank, the movement of the wood is stayed and the kinetic energy of the hammer can all be expended 
in driving the nail home. This is why a carpenter often holds a block under a piece of wood that can move while he is hammering 


THE WONDER OF THE BLIND SPOT IN YOUR EYE 


H i.Ki: ih an int(‘r(‘stiug ('xponmont 
whit h you can tarry out as you 
have tins book in your hand 
Ixxik at the pii tiin^ which shc)w>» a 
niollier anti < hikl in the country. 
t'-Iosing your k‘ft eye, hold the picture 
about two feed from your face. You will 
sec bolli tl\e mother and the child 
Now, keejiin^ your left eye closed 
and gazing all tJie tune at the child, 
bring the page skmh near to youi 
lace. At a certain 
point the mother 
will suddenly dis- 
ippcar from the 
picture, and slu^ will 
absent for some 
little time ; but a^ 
you gradually bring 
the pictur(‘ nearer tt» 
your face the mother 
v\ill a|>pi*ar again. 

Next try anothei 
e X p e r i m e 11 1 of a 
similar kind. Thi^ 
time close your right 
eye and hold the ]>ic* 
turc as before about 
two feet aw.ay. I.ook 
at the mother as you bring the page 
nearer and neater to your face. At om* 
point the chil(| will (iisiippear, and will 
only reappear aftiT you have brought 
the picture several iiu hes nearer 
Whcit is the explanation of this 
mystery ? Well, every one of us has 
m his eye a sjiot which is blind, and 
when the rays of light from any object 


winch we may W kwiking at fall uixni 
this sjMit no m^sage is sent to the 
seeing ]iart of t|ie brain, and eon.se” 
(lueiitly we see ii<|thing of the object. 

'I'he blind K|lio| is th,it paii; of the 
eye where the nerve from the 

brain tuiters UficT spriiads out into ;i 
thin fdm of tijprVe- fibres forming the 
iiiiKTUiost layef of the retina, or curtain 
at the back (if the eye. If a small 
beam of light 'be slume into a man's 


eye and allowed to tall on the blind 
.spot, he will rei.eive no sensiition ol 
light ; for, strange as it inay^ strem, 
the optic nerve itself is not sensitive 
to light. 

It is when the light from the cliild 
or the mother in the picture falls ujKm 
this blind spot that the image (lisaj> 
pears. The usual methcKl of carrying 


Old tile experiment is by drawing an 
X and an (), but by giving figures ol 
human beings it becomi's more intei' 
(‘Sting. 

In tlu^ onbnary way* we do not 
notice* tliat we hav(‘ a blnul sj)ot in 
each eye, because, as must often 
happen, when an image by falling upon 
It disappi'.irs from om* eye, the other 
cyv records the image, and so the 
gap in our seeing is Idled up. 

If the optic nerve 
itself IS not sensi- 
tive to light, w'c may 
well ask what part of 
the {.yv it is that re- 
ceives st'iKsations of 
light. Well, men ol 
science behevt‘ it is 
the outer layers of 
cells in the retina 
which are shaped 
like little ro<.ls and 
tones that .ire .stimu- 
lated by light, and 
then the sens.ation 
is passed on to the 
optic ner^'c which 
thereu|xm carries 
the message to tlu* brain 

Another curious fact about our sight 
is that the impression made by light 
ujKm the retina lasts longer than the 
duration of th<* light itself. Thus a 
flash of lightning is in.stantaneous, bid 
we see the flash for about an eighth of a 
second. The cinema depends upon this 
fact for its success (see pages 6 and 7). 



Close your left eye and holding the page about two feet away look at the child. 
The mother will also be visible. Now bring the page slowly nearer to your face and 
at on€* point the mother will disappear altogether 
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WAYS IN WHICH GRAVITATION IS A HELP 



Gravitation* or thi^ pull of the Earth* is useful in many ways* some ol which are shown on this page. Often we want things to fall 
and it is gravitation that enables them to do so. Putting coal on the hre* lowering the lift* dropping a penny into the slot machine* 
lowering a load by a crane or the clothes on the clothes-line, and pouring out a liquid are all examples of this. It is gravitation that 
makes some clocks go by causing the weights to descend and the pendulum to move. By means of gravitation we can measure the 
mass or quantity of a substance by weighing it* and it is gravitation that makes the garden roller press on the earth and level the lawn. 
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WAYS IN WHICH GRAVITATION HINDERS US 



Gravitation is not always a help. It is because of gravitation that we fall down, that an aeroplane crashes when something goes wrongs 
and a chimney falls when it is blown from the roof. Soot falls becimse of the pull of gravitation. If we load a bookshelf with heavy 
books it sags in the middle because of the pull of gravitation on the unsupported part» and the same thing is true of the sagging of 
telegraph imd other electric wires. Becaiise of this sagging more wire must be used. Gravitation also makes us bend when we carry 
heavy loads, and it causes lorry wheels to sink in the mud. Becausenf gravitation it is a lot of trouble to raise a heavy weight like a safe. 
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THE STRANGE ANTICS OF A BALL OF FIRE 



From time to time a strange form of lightning is seen. It appears as a ball of fire and travels slowly» constantly changing its direction. 
In this picture we see the course of one of these fireballs^ known as globe lightning. It originated as one ball, but on touching the ground 
split into two. These rose and while one went down the chimney of a house and exploded, doing great damage, the other followed a more 
erratic course. It went down the chimney of another house, crossed a room in which were a man and a child, doing no harm to either 
and then, making a small hole in the floor, went through into the chamber beneath, used as a sheep«fold. The lambs started jumping 
about, and five older sheep were killed. The shepherd's son at the door was not injured. The ball then passed out at the doorway 
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A VERY MYSTERIOUS FORM OF LIGHTNING 

There is a form of lightning which is very mysterious and about which little is known. It is called globe 
lightning, and appears in the form of a ball of fire which travels about in the most eccentric manner, 
sometimes proving quite harmless and at other times doing immense damage. Science cannot explain 
globe lightning, but here are some facts about its appearance and work 


O F all the various forms of atmo- 
spheric electricity, globe or ball 
lightning is the most difficnltb) 
explfiin. U is much ranT than the 
ordinary lightning, and its behaviour 
is so strange, that tor a long time men 
of science refused to believe that it 
was anything but a ligment of the 
imagination. Frightened people, they 
said, upset by a sudden flash of light- 
ning. fancied they saw a fireball, and 
their imaginations supplied the rest of 
the story. 

there havt‘ bet'ti too many well- 
authenticated record of globe 
lightning for the phimomeiion 
to be dismissed in this way. 

All wo can say is that it does 
not oa'ur very often, and that 
while other forms of lightning 
can lx* rcpiXKlucc’d on a small 
scaUi in the laboraloiys globe 
lightning rannot be reproduced 
artificially. 

When the fireball appears one 
can nervier say what it is going 
to do. 11 generally moves very 
slowly, .ST) that its course can bi* 
watched. It will enter a house 
by th<.* chimney oi a window' or 
door, will pass from room to 
room, dthtT through th(^ door 
iir by making a liole m thr* 
wall, wrill descend or ascend and 
will pass out and disappear in 
the ojxm air. 

On the oth(*r hand it may 
<‘xplode, doing great damage* 
and destroying lift*. It may 
travel over a personas bod>\ 
leaving him unharmed or in- 
jured. It may pa.ss through a 
party without (hung any h«irm, 
or at any rale more than 
vscorching the cloth(*s of the 
people, or it may kill the group. 

It st'cms to be inort* dangerous 
to aniiTuils than to human 
]>eings. 

Monsieur (‘amilh* Flam 
marion, thtj gre«d French 
scientist, tells us that m October, 

1898, at Marscillcvs, a fireball 
made its appearan(;(; in a room and 
iidvanced tow'ards a young girl, who 
was seated at a table, her feel hanging 
dowai without touching the floor. 

The luminous globe moved along the* 
floor in the girl's clirection, began to rise, 
when near her, and then travelled 
round and round her in a spiral, darting 
off towards a hole in the chimney 
made for a stovt'pipe, and closed up 


with glued paiH^r. it went through 
the papcjr, travelled up the chimney 
and on emerging into the oiH*n air ex- 
plodtid with a crash wdiich shook the 
I'ntiro house. As M. Flammarion says, 
" It was a ciLse ot coming in like a 
lamb and going o it lik(* a lion.” 

lint fireballs an* not always so harm- 
less In anotlier cast* during a violt^nl 
storm a globe of fin.* suddenly appeared 
at the top of a fxiplar trt‘e. It dt*- 
.sc(aid<*d, branch by branch, then 
travelled down the trunk and moved 
along the courtyard of a farm very 


slowly. The spectator who witnessed 
the occurrence says : ” The, ball S(H*med 
almost to pick its way bi'tweeu the 
jxiols of w'ater. It came up to the door 
of a stable, where stoocl tw’o children, 
and one of them w'as bold enough to 
toucli it with his foot. At once there 
w'as a terrible crash which shook the 
entire farm to its foundations. 
Strangely enough the tw*o children, 


though thrown to the ground, were un- 
injured, but eleven animals in the 
.stable were killed.” 

In another case a fireball came down 
the chimney into a room in a hc^usie at 
Salagnac, m France, where wt^re a 
child and three women. None of thest* 
was harmed. Then it rolleci along tlic* 
ground into an adjoining kitchen, and 
passed near the teet of a young peasant 
standing tliere. Again, it was harmless, 
and after passing into still anolh<*r room 
it disappeart'd, leaving no trace of its 
journey. It w*iis found afterwards that 
it had gone into a little stable 
clos(i by and killed a pig. 
Curiously enough it had passed 
through the straw without set- 
ting this on fire. 

On March 6th, 1804, M. 
Dandois, professor of surgery at 
the University of Ixiuvain, was 
ndurning from a neighbouring 
town after seeing a patient when 
the sky suddenly darkened and 
a ball of fin^ appeared which 
struck the surgt*ou and hurled 
him over a ditch into a field, 
where he lay for sonw^ time* 
unconscious. On regaining his 
sense's he found that he was 
uninjuri‘d savt* for a numbness 
in one arm and leg. 

On August 19th. 1900, a 

number of pt'ople were in a room 
in a chateau at Maintenay, when 
a violent storm came on. Sud- 
denly a globe of blue fire about 
the size of a baby's head ap- 
peared in lh(*. luid.st of the eleven 
people in the room. It crossed 
the chamber, touching four 
l>eople on its way, but none ot 
tlie.sc* was injured. Then there 
was a terrific explosion and the 
fireball disap|x*ared through an 
op(*n door in front of thi* groat 
staircase. Ajipareiitly no harm 
at all was done on this occasitm. 

Fortunately globti lightning is 
rarely .seen in England, but 
many (vises are recorded from 
h' raiK'e Th(*re was, however, (jnc 
very alarming instance of globe light- 
ning m l..ondon when aso-calltxl “ fire 
ball ’’ nearly hit St. l^aul's Cathedral 
on the night of May 23rd, 1933. A 
policeman was on duty near the West 
kntranco when, during a thunderstorm, 
a ball of fire with a tail three or four 
yards long Cxame rushing out of the sky 
at tremendous speed, exjiloded and 
knocked the constable ‘Kmsi*U‘Ss. 



The strange appearance of three fireballs on the tower 
of the electric power station in Paris 
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THE CHEDDAR GORGE CARVED OUT OF SOLID ROCK 
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EnriMid u a country remarkably rich in beautiful tcenery, but it does not posiess those vast nwnuments of Nature which stMger the 
inuiffinatioii and canae a feeling of awe by their sheer immensity. Great mountains like the Htm^ayaa^^ the And^ or^eTcn the 

liir* fh* Amax^n. tha Mffisisftiotsi end St. Lawrence are unknown in England. But there is one natural feature which 


and great rivers like the Amazon, the Mississippi and St. Lawrence are unknown in England. But th^e is f «« J*^^^** 

has a tremendous effect upon the beholder, and that is the Cheddar Gorge, an enoraous cleft carved m the bare Umwtone hUls of 

Somerset. It is perhaps one of the most impressive of all the natural features to be seen m Engird, and this photo^^h gives "Hgjt 

idea of its magniftcence and majestic appearance. It used to be thought timt the Ch^dar Gorge ww t^ *^5?, 

upheaval such as an earthquake, but we now know better. The picture on the opposite page shows how the Cheddar Gorge was forened 








Miners to<-day have enormous advantages over their predecessors, for with mechanical diggers and pneumatic tools their labour is greatly 
lightened. Such tools are coming more and more into general use and, in addition, modern methods of getting the material out of the 
mine to the surface are a very great improvement on the old methods of dragging or carrying it to the shaft by man or horse power. 
In many mines there are underground electric railways and electrically-drawn cages to bring the workers and the material to the surface. 
This photograph shows a miner at work with a pneumatic drill in a German copper mine half a mile underground. The type of pneumatic 

drills used in mining is described in page 537. 




THE WONDER OF THE STEAM TURBINE 

The turbine engine is a marvel of efficiency. Instead of striking on a piston and driving it to and fro in a 
cylinder, the steam in a turbine engine plays upon thousands of metal blades fixed in rings round a rotor. 

The rotor works in a cylindrical casing, which also has thousands of blades arranged in rings. The steam 
plays upon the blades of the rotor and whirls it round at an enormous speed, being thrown upon each ring 
of blades in turn by the blades of the cylinder. Here we read of the romantic story of the turbine 


T he invention of the turbine eMj<ine 
hy Sir ('iiarlcs l^arsons marked 
a new era in the history of the 
steamship Although it was ordinarily 
used for driving tdt'clric gcncifitors, the 
inventor was convinced it couhi lx* 
adapted with advantage to tlu‘ driving 
of steamshi])s, but no one would lisl<*n 
to him. 

So he quietly built a little ship ot 
44 J loiv< burden, fitted it with tiirlnne 
tMigincs, and took it to SpitlK'ail wIumi 
tJic groat naval loview to I'olcliratc; 
< 2 ueen Victoria’s Diamond Jubilee' was 
to Ixj held Royal and distingiiisliotl 
persons from all parts of tlie world 
W(‘rc present. 

Suddenly a little eratt was seiai 
racing up and down betw^een the lines 
of warships. IVojile were staggenxl 
and the officials shocked. How dared 
this small boat — loo hvt huig and 
g feet broad' go on forbidden water ? 
A switl torpedo- 1)0. it was sent to 
chas<* litT and order her from the 
rours<‘. but this fast boat of the Xnvy 


could not get anywhere near the littk' 
craft. It was the Tuyhinia, and sh(‘ 
simply laughed at fun pursuer. It was 
a dramatic di inoiistration of tlii' power 
and suitability of the turbine for the 
propulsion of shiyis. 

'file engines of the Turhima de\el- 
oped 2,000 liorse-i'ower and attained a 
speed ol 3.^ knots, that is, 3<i miles an 
hour. Tliere was none of the usual 
noisi* and vibration eaii.stjd by ordinary 
engines, and (‘veiyone was impresst'd 
with her peifonnanci^ TJie trinmpli 
of the tnrliine was assured. 

'riie Hritisli Admiralty at once 
ordered a number of destroyers to bi' 
fitted with turbine engines, and wlien 
these were l.ium;hed tiu'y altiiined the 
j>re\*ionsly iinhca.ribof sp(*ed of 37 knots 

In i<H)4 the first turbine* liners \vi‘re 
lull It, and a year later the I'unard 
('ompany adopted turbines lor their 
Atlantic greyliouilds, the Mauri Uumi 
and Lusitauta. 

'file tuibiiie has immense advant.igos 
ovei the older • iprocating steam- 


engine. Its action is direct, that is, 
the steam proiluci's rotary motion 
immediately and not a toaiuMro 
action, as in the older engine, wliiidi 
has to be transformtsl with a certain 
loss ol powa*.r uml speed into rotary 
motion by means ol a crank. 

It IS less than half tlie weight of a 
lec iproi ating i rigine of etpial power, 
occupies niiK'h less spaci*, usc‘s far less 
st(‘am, has fewer working jiaiis, is 
practically without vibration, has f(;wer 
nibliing surfaces to cause inction, and 
requires nnii’li less attention, One 
m«in. for (‘xainjile. can look after 
Sev eral large tuibmes 

'I'he way in which tlie turbine w'orks 
can be eleaiiy seen in the large double- 
page explanatory drawing given on 
the next two yiages 

It js no exaggiu’ation to say that the 
turbiiK* wrougiit a rev'-olution in the 
steamshi]) world, and it is a matter of 
salisfadion t]iat,hke the first practical 
steam t'ligine ami the first locomotive, 
it is an b.ngbsh invention. 



Here is part of the little turbine steamer Tmhima^ the first vessel to be driven by turbine engines. It is now in the Science Museum at 
Kensington, and the photograph is reproduced by permission of the Dkector. The hull has been cut away to show the engines inside 





HOW A TURBINE IS DRIVEN BY STEAM 



The invention of the steam turbine wrought a revolution in the driving of steamships. In these pages Mr. L. G. Goodwin shows in 
simplified form how the turbines of a steamship work. The supply of steam from the boiler is regulated by valves worked by small 
wheels, as shown on the right. The steam enters the turbine and strikes upon thousands of little vanes or blades inserted in rings round 
a rotor or drum These iranss are not all of the same length. They get longer and longer, the reason being that as the steam in its 
passage loses some of its force, it is given a larger surface to olay upon by havit^ longer blades, and so can produce the same effect. 
The steam is directed upon each ring of blades on the drum by rings of blades nxed round the inside of the casing. In the bottom 
right*hand picture we see how this happens. In the picture of the high-pressure turbine the top of the casing has been rtmoired to show 
the drum with its blades. The tremendous power of the steam acting upon thousands of blades tends to push the turbine fotward* 
To counteract this some steam is admitted through a pipe to the front of the turbine, and plajrs upon a number of thrust blocks, in the 





PLAYING ON MYRIADS OF LITTLE VANES 



Other direction, thus balancing the thrust forward. From the high -press are turbine the steam now passes to a low-pressure 
turbine, where the whole process is repeated, and it then goes to a condenser where cold water circulating in pipes condenses 
it into water, which returns warm to the boiler to be used again for the production of steam. Of course, the turbine turns far loo fast 
to ht used Erectly in rotating the screw propeller, and therefore, by a series bf gear-wheels, the speed is reduced, so that the shaft bearing 
the propeller will turn at a safe speed. The propeller is shown in the picture, but, of course, the shaft connecting this with the turbine 
is of great length, and runs in the ship in a shaft tunnel as seen on pages 8a and 83. When it is desired to drive the ship backwards, 
the high- and low-pressure turbines are stopped, the steam supply to them being cut off. Steam is then admitted to the astern turbine, 
which rotates the other way and reverses the propeller. When this is being done the high- and low-pressure turbines rotate idly in the 
. opposite direction, moving in unison with the astern turbine. Of course, large ships have more than one set of turbines 




HOW A MOTOR-CYCLE IS MADE TO GO 



This picture diagram shows you what makes a motor- 
cycle’s wheels go round. Petrol from the tank flows 
into the carburetter, where it is mixed with air and 
drawn into the cylinder. There an electric spark ex- 
plodes the vapour, which expands and forces down the 
piston. The drawings on the right show in simplifled 
form what happens in the cylinder. The petrol and air 
vapour enter the lower part of the cylinder when the 

piston goes up, and when the piston goes down the 

mixture flows through the transfer port into the upper 
part oT the cylinder. The piston is again forced up- 
wairds, and the petrol vapour is compressed between the 
piston head and the top of the cylinder. Compressing 
the vapour raises its temperature so that the mixture 
becomes highly explosive. At the moment of greatest 
compression, an electric cuiTent sparks across the gap of a plug on top of the cylinder and explodes the vapour to iorce the piston down. 
The bottom of the piston is connected to a shaft by a rod, so converting the up-and-down motion of the piston into the round-and-round 
motion of a wheel. Fixed to one end of the shaft is a toothed wheel over which passes a chain turning another toothed wheel in the 
gear box ; the gear is in turn connected by chain to the rear, or driving, road wheel. Consequently as the piston keeps moving up and 
down in the cylinder so the road wheel revolves. The electric current creating the spark in the cylinder is generated by a dynamo driven 
from the engine shaft. Waste gases left in the cylinder after each explosion of the vapour are led through an exhaust pipe and pass 
out into the air. A twist grip on the handlebar controls the amount of petrol vapour that enters the cylinder and, therefore, the power 
developed by the engine. A lever outside the gearbox changes the gear, that is, puts into combination different-sized cogwheels to give 

various road speeds from the constant speed of the engine. A motor-cycle has two brakes : one, controlled from the handlebars, acts 

on the front wheel ; the other, operated by a foot pedal, acts on the rear wheel. The fork supporting the front wheel moves against 
springs in an oil-filled cylinder ; this prevents excessive vibration when the motor-cycle is travelling at high speed or over rough ground. 

WHY A FLYWHEEL SOMETIMES BURSTS 



W K .sometimes read in the news} nipers 
that at a ct*rlaiii factory a flywheel 
ha.sexploclcdan<l done agniattleal 
of damage, sometimes injuring or killing a 
number of workpeople. What ha.s rcaliy 
happened is that the flywheel has burst, 
not exploded. 

There is, ot course, nothing to cause 
an explosion, but sometimes when there is 
a flaw 111 the metal of which the flywheel 
IS comjvjsed, the centrifugal force is so 
great, as the wheel goes round faster and 
faster, that it overcomes the other force of 
cohesion which holds the particles of metal 
together, and part of the wheel flies off at 
a tangent. Then, when the wheel is onct^ 
broken, centrifugal force causes other parts 
to fly ofl. and owing to the speed of the 
wheel these do great damage. 

Geretally flywheels are made so well that 
the cohe.Hive force holding their particles to- 
gether is greater than the centrifugal force, 
and so they remain intact. Any wheel, 
however, if it were revolved rapidly enough 
might be broken by centrifugal force. 


Wheels are always tested for the speed 
at which they are lo run, and only when 
there is a flaw does an accident hapjien 



A flywheel comes apart while rotating. 


In all rotating objects there is a contest 
between centrifugal force and some other 
force that is holding the objects together. 
It IS fully explained on page ()i that on 
the rotating Karth itself centrifugal force 
IS overcome by the power of gravitation 
Were it not so, nothing could remain on 
the Earth’s surface. If the Earth rotated 
faster and faster there would come a 
lime when the centrifugal force would be 
greater than the power of gravitation, and 
the Earth itself would break up just a.s 
a flywheel doe.s when centrifugal force 
overcome.s cohesion 

All the things round aixmt us are subject 
to various forces and their pre.sent .state i.s 
the product of these forces If a body is 
at re.st then tliere is an equilibrium l>e- 
tween the various forces acting upon it. 
The book on the table, for example, i.s 
being pulled down by gravitation but 
pushed up by the reaction of the table 
It is also tending to fly off the rotating 
earth by centrifugal force, but the balance 
of these forces keeps the book at neat 
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IF A COMET STRUCK THE EARTH 

Comets are among the strangest members of the solar system. They are curiously shaped, and travel in 
different kinds of orbits. At one time they gave rise to a great deal of fear, people thinking their appearance 
had something to do with forthcoming events on the Earth- We know better than that now. Wc read 
something about the nature of comets on pages 599 to 601, and here is some further information about 
these celestial visitors, many of which visit us only once and never return 


P KOf*LC iisofl to l)c very inglitinKu) 
when they saw a eoinet growiiie 
bigger and bigger, that is, getting 
neftrer and nearer to the ICarth, ni 
case it might strike our worhJ Tljo\ 
believed that it this happened llu* 
ICarth would be burnt up. and that 
would be the end <^f our planet, and all 
its life. No wonder they were I'right 
ened wtien th<‘v saw a comet ' 

As a matter ol tact, 
the Earth has more 
than cmc(' passi'd j 

through the tail of a 
roimT. 'I’his lihj)j>ened | 

in i 8 (>i. and all that 
was seen or expei lenced ! 

was a delicate misty i 

gleam in tlie skv. and | 
a number of meteors 
or shooting stars 

Hut suppos(‘ tlK‘ 

Earth were to (onu* in- 
to (ollision with the 
head of a eonu't W hat 
would happen (hen 
It is quite a possibility, 
lor the orbits of some 
ol the eomets touch 
that ol th#’ Earth at a 
certain point, and one 
<lay Earth and cornet 
may arrivt* at the 
pmetion tfigether 


The Mysterious Head 

It isinipo.ssibie tosay 
definitely what the 
result would be. for we 
do not yet know with 
certainty what the head 
of a i-omet is really like. 
If it consists of \erv 
small particles, as nuin \' 
as t ronom <'rs bel i e\ e , 
then the only result 
would be an unusually 
fine display of meteors, 
the fragments being 
burnt up as they rushed 
through the Earth’s 
atmosphere. Of course, 
if the fragments 
weighed some tons, 
then the bombardment 
would be serious for 
the parts of the Earth 
which were struck, 
but the general opinion 
of aatronomers is that 


miTr* pinheads, so wc have iiolhmg to 
h“ai In any »'aM^ a collision of thi‘' 
sort is not liK(‘ly to occur mor(‘ than 
()nc(‘ m about lilteim million yivus 
It has also been sngf4<‘sted that ii .1 
comet were to stiike the Earth om 
atmosphere would be |)oisoned by tlu* 
gases in tfH‘ fragments of the tad. Hut 
owing to the low density of the comet's 
tail we m'ed not fear that sidheient 



the fragments forming 
the head of a cometare 


The head of the Great Comet of 1861, which was seen clearly in the British 
Isles after passing from the southern hemisphere into the northern. The 
head ol a comet consists of the coma or ha*y cloud of faintly luminous, 
transparent matter and the nucleus or central condensation, a bright more or 
less star-like point near the centre of the coma 


poisonous gas would come into our 
.itmtvsphen* to ilo any harm 

.VnotJicf tear which ha.s been e\- 
[)r(‘sst‘d IS that a l ormd might lall mlo 
the Sun. and so increase the solar he.'at 
that we should be .scorched to death, 
lint here again w'e need have no fear. 
IVolessor t'h. tries Young has poin((*d 
out that d a comet with a mass equal 
to oni‘ 100. 000th ol th(' Earth's ma,s> 
w'c’jeto strike the Sun’s 
surl.u e with a speed ot 
..joo miles a second the 
eiu'rgy ol impact, con- 
vtTterl into heat, would 
generate about as many 
caloru's ol lujat as the 
Sun radiates m eight or 
nine hours , but it is 
most unlikely that all 
this extra heal would 
be (‘Itertjvo m an in- 
stant, or<'V(‘n in a singles 
hour 


A Solar Flash 

riie particU's ol flu 
comet would pi(?rce llu 
photosphere, that is, the 
sheet of Inminoiis clouds 
enveloping the' Sun, aUil 
set Irec the'ir heat mostly 
below the solar surliu'e, 
rhe Sun’s fliame.ter 
would probably be e.v- 
panded very slightly, 
adding to its store of 
eme'rgy a Unit as much 
as it expends in the 
ordinary way in a tew 
hours. If astronomt'rs 
wt'i{> watching tlie Sim 
til rough the telescope 
they would probably see 
a flash of some kiml, 
but nothing would 
happen to inconveni- 
ence the watcher. 

We can all go to 
sleep quite comfortably, 
without worrying, as did 
our forefathers, about 
what would happen if a 
comet struck the Earth 
or the Sun. Unless we 
were astronomers we 
should probably be quite 
unaware of the fact. 

rhe orbits or paths 
ot the comets are very 
unlike those of the 
planets. Some of these 
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WONDERS OF THE SKY 


comets come into oin 
vir‘w a;.»ain and a‘>ain ov(‘r 
varyni^^ periods oi ycjrs 
l‘ji( ke’s ( oniet, lor in- 
stance, returns til periods 
^ years, vvhere.is 
Malh'y's (‘oind reUirns 
ill about 75 years. 

Som(' cornets m their 
journey tnive) out lieyond 
tht‘ orhitot NefUune, tind 
they are known as 

Neptune's Itunily ol 
('(unets, 'i'here are five 
in tlial lainily. 'J'lien 
ttieri* are the comets, 
.iboiit hlt\ in nuiul>er, 
wiiii'h return at periods 
nin^in,t» trom thr(‘e to 
ei|.;ht years, and are 
spoken of as Jupiter’s 
lannly of ( ornets, becaiisi* 
they do not travel tar be 
yond the orbit of Jupiter. 
The plaiu'ts Saturn and 
Uranus also havi‘ comets 
associated with them. 

Three Kinds of Orbits 

Now one of the stran^^est 
thintjs about eomets is 
th.il they travel in three 
different kinds of orbit, 
and all of them are 
^^(‘Oinetric fit?iires, which 
are knowui as s(‘ctions 
ol a cone. 

If w(* cut oft thii top of 
a cone horizontally, the 
base of the part cut ofi is 
a circle. A cut made 
obluiuely, however, Irorn 
side to side yields an 
ellipse, and tin* ellipse i.s 
nearer to or farthiT from a 
circle as the cut is made at 
a lesser or ;^reater anj^le. 

Hut il we cut tlie cone 
through from the side to 
the base, the cut beirif; 
rnaile parallel to the 
opposite side, we 
{^et a figure w^hich 
is known as ri para- 
lx)la. On the other 
hand, if we cut 
the cone through 
from any point in 
the side and make 
the cut parallel to 
the line* of the 
cone's axis, we get 
a figure which is 
known to rnalhe- 
maticians as a 
hyperbola. All 
these are shown in 
the bottom picture 
on page 600, where 
many intere.sting 
f ac ts abo u t comets 
are given. 

Now no comets 
travel round the 
Sun in a circle, 
but all tho.se which 
we see again and 
again travel in 



Donati’s Comet, as it appeared in the sky in X858. The length of its 
tail, was at one period 51 million mile.s 



comet which appeared in September, 1908. From a photograph by Frofossor : 
Barnard, reproduced by courtesy of the Royal Astronomical Society 


ellipses. Certain comets, 
however, which come to 
us. follow paths which are 
I)arabolas, while others 
travel in orbits that are 
hyperbolas. 'Those which 
travel in these paralxdic 
and hyjHTbolic orbits are 
just stray visitors. We 
never see them again, 
and the reason is elear. 

Ill the case of an ellip- 
tical path th<‘ lines of the 
orbit meet, biitm the l iise 
of those paths which are 
hyperbolas and parabolas, 
the lines never me(*t. We 
therefore see the comet 
approach the Sun, travel 
round it and start on its 
journey away, and then 
w^e never see it any more. 

Strange Ideas 

Why there should be 
the.si* different paths tor 
comets is not altogether 
clear, but vve; know' that 
if a ctmiet is travelling in 
a paralxila the smallest 
n^tardatiori due to the 
comet coming near a 
planet would change the 
parabolic path into an 
ellipse, whik^ thesliglit(*st 
.icceleration wn^uld make 
it a hyperbola. 

In the t>ld days men ol 
science as well as th<‘ 
unlearned had strange 
ideas about the comets 
and their 01 bits. Al 
one time conu'ts were 
regarded a.s material 
thrown out from the 
Harth, probably tlirough 
volcanoes, and the great 
Kepler lum.sell belit'\t‘d 
comets ti> be aliv-^e In 
1577 'Tycho Jirahe ])roved 
Irom actual mea 
surements tliat tlic 
great comet of that 
yejii' was farther 
fixjm th(‘ ICarth 
than is the Moon. 

The perkxl ol 
visibility <->f a 
comet does not 
usually Iasi more 
than a few months, 
but in recent years 
the average dura- 
tion of ilu^ period 
during which a 
comet is seen has 
been lengthened a 
good deal owing to 
the greater power 
of the newer 
telescopes. The 
telescope has also 
enabled many more 
comets to dis- 
covered than could 
l>ossibly be seen 
with the naked eye 
in olden times. 






THE DRAMATIC END OF A PRIME MINISTER 

Here is the dramatic story ot how a Prime Minister of England was assassinated in the House of Commons 
and how a man living in Cornwall saw the whole incident in a dream, a record which is quite well authenticated 


O NC'L and oncL* only in ihe history 
of Ji^ngland has a Prime Minister 
biH*n assnssinutod in the House 
uf ('omrnons. It was a dramatic end 
to a career whii'h liad been brilliant 
and rapid. 

riie Prime Minister in question was 
Spencer Perceval, a son oi the Karl 
of Kgmont, and although he had 
entered Parliament only in tytiO and 
first taken olfict' as Solieitor-Crem'nd 
in t8oi, he bc'caine Prime Minister in 
l8oq, an oltiee whii li Ik* held till his 
tragic death on May nth, 1812. 

It w.is a senseless murdei by a dis- 
gruntled man wlio (‘lu‘rished the idea 
that ho had been badly treated by the 
(^overnnuMit He had no ])ersonal 
gnevanee against the Prime Ministei. 
and deelared after the assassination 
that had he met another minister 
lie should liave shot him lustc'ad 
of Mr. J\irct‘val. 

It is a teruble thought that a 
great or brilliant man can have 
his life ended in a moment by a 
tnadman who either cherishes a 
l.dse griovanet' or mistakes his 
victim tor .someone else. 

On the afternoon of Monday, 

May 11th, the House of Corn- 
moiis had gone into eomnnttee, 
and Mr IVrci'val, lieanng tliat 
some important business had 
commenced, Imrriisl ott irom 
his hoiiK*. m Downing Strec't to 
the House and wallas) rapidly 
through the L(dd)v. 

The Assassin Fires 

A man had Ixsmi .standing foi 
.some time in the Lobby near the 
door through which Members 
entered the debating 1 lianiber. 

He was a tall figure and was 
dresscil in a snutl coloun'd suit. 

Jii.st as tilt* Prime Munster had 
reacht*d the door into the House 
this man raised his arm and fired 
point-blank at Percevars breast. 

The Lobby was erowtltul with 
m.miV>ers at the time, and the 
man had stocxl th(*re almost un- 
noticed. But directly the crat k 
of the shot rang out all eyes 
turned towards the door. A 
m.miber who was present in the 
Lobby said that he noticed 
a small curling wreath of 
smoke like the breath of a 
cigar rising above Perceval's head. 

“ 1 saw him,” said the member, 
“ reel back against the ledge on the 
inside of the door, aiid then, making 
an impulsive rush as it were to rctich 
the entrance of the House 011 the op- 
posite side, I saw him totter forward 


not h If-WciN and dro]) fl(‘ad bctwoirn 
tlu' four juilars in the centn* of the 
space*, with a slight trail* of blood issu 
mg from his lips ” 

The assa.ssin made no attempt to 
get away, and when an otliccr ot the 
Hous(* i ailed out " Where is the ouscal 
that fired / ” lie said “ I am the 
unfortunate man 

'rhe m iiibci for Livmpool, Heneral 
fiascoigne, thereupon .seized him with 
great force, and tne a.ssassin’s arm wa*- 
almost broken Other Members eame 
up and tile man was searched. In a 
pocket was found another loaded 
pistol, together with some ]iapers. 

At this moment Ck;neral Hascoigni* 
recognised the assassin, and exclaimed 

eVood Ciod ! IPs Bellingham ! 

'Die man was indeed well known 


to the general, and to many other 
members of Parliament, and al.so 
to ministers Hu was a Livurjjool 
broker, who had become bankrupt 
after a very varied career. 

Born at St. Neots in Huntingdon- 
shire, the son of a land surveyor who 


liad spent a number of years in a 
madhouse and died insane, Bellingham 
was bound appi entice to a jeweller. 
Ihit not caring for this Ciireci, lie ran 
away, obtained an en.sign’s com* 
mission in an Ka,st India regiment, and 
sailed for the Last. 

'Phi* ves.std was wrecked on the pas- 
sage out, and thereiipcjii Bellingh.im 
giive up tlu; idea of going to India,, and 
returned to England, where he became 
a tin])late worker 

'Phen he married an Irish wife, but 
trouble seimied to dog his steps. 'Phe 
house in whirdi he lived was burnt 
to the ground, .ind scjon afterw.inls he 
became a banknii)!. He next became 
an insurance broKcr, but failed owing 
to lack of ca])ifal. laiter he enter(*(l 
a merchant’s ollice m Liveipool, and tlie 
firm sent him to Archangel in 
Kus.sja as a coruinission agent. 
He st‘ems to have drawn bills on 
his firm for ;(ro,ooo and thim 
u.sed the money on his own 
account He had some wild 
scheme for m a king a fortune, 
which, of course, f.ideil 

In a Russian Prison 

Ketunm;g to ICngKind he was 
sent to prison, .md t n hi-iielease 
went again with some Hull 
merchants to Uiis^ia But mis- 
fortune still lollowt‘d him. Theie 
was some dispute about the loss 
of a vessel in the White Sea, and 
Lloyd's refused to jiay the 
insurance. Jiel ling ham was 
arrested by tlie Kussians and 
the British Ambassador was un- 
able to do anything on his 
behalf I fe was condcmnisl and 
sent to a Kussian jirison, where 
he spent five years of his life. 

When he was released lie 
leturned to England lull of 
grievances with winch he 
pestered the various ministers 
and Members of Parliament, 
including the Prime Minister 
himself. 

He wanted l ompcnsation for 
his treatment in Ru.ssici, and on 
May 10th, 1810, he took a peti- 
tion to Downing Street, where 
Mr, I^ercevaPs private secretary' 
told him that the Prime Minister 
would not give permission for 
the introduction of the ]7etition 
to the House. 'Phe refusal was mack* 
quite courteously. 

Sir Samuel Komilly, the famous law- 
reformer, wrote : " I’crceval, as was 

his duty, refused to listim to these 
applications, but he could hardly have 
accompanied his refusal witii any 



Just as the Prime Minister reached the door the man raised 
his arm and fired point-blank 


1227 


ROMANCE OF BRITISH HISTORY 


harshness, ior few men had less Jjarslv 
I less in their natiin 

Bellingham ‘^e(*ms t(j have made 
himself a great nuisance At last, on 
March litli, 1812, In* madt* his last 
ehorf to get c(JiTipensatK)n. He loi- 
waided a printed circular setting forth 
liis grievance's to the Prinu' Minister, 
the? other ministers and every m/niher 
nl the Hous<' of C'onimons, eii’ losing 
with tlu' circular a copy oi a petition 
TO the House «md the replies he had 
i('(.ei\<d to lus apphiations 

A week allcT the assassination 
Ikihngham was hioiight to trial and 
lus ('ounsel tiu'd to ])rove that lie was 
msaiH'. There seems little doubt that 
tins 1 ontention was true IJndoiihtedly 
Uelltnghain's eounst'l should liave his'n 
allowed by the judge 
to bring witiu'sses to 
trstiK to tb<' jirisonei’s 
menial condition. Hut 
the court re I used, and 
this e a n h a r d 1 v in' 
u'gcirded as anything 
but a breach of pistice. 

Short Shrift 

rile Inal w.e^ vi'ry 
soon ov<T. Bellingham 
conh'ssed that lie liad 
intended to shoot Lord 
(HanviJle Leveson- 
(iowet be( cuise of that 
‘talesman's refusal to 
up])ort his claims on 
the Russian Govern- 
111 e n t “ H u t,'' h e 
added, “ Perceval 
a])peared, and J felt 
that I must kill soitk*- | 
one." I 

On May i8th, exactly 
a week alter the 
t r a g e <l V , he was 
•"xecutcil, ret using Mr. WiHiamss! 

to tlio last 
to express any com- 
punction lor his crime, tliough he sanl 
he lamented its consequences in the 
grief caused to Mr Perceval's widow 
and children. 

But this IS not all the story Tliere is 
a very remarkable incident in connee- 
tion with it Perceval himself seems 
to have had, a few days before the 
assassination, strange forebodings tliat 
his death was imminent, and he actu- 
ally handtid over his will to Mrs. 
Perceval because of tliese heelings. 

That, however, was not the only 
curious matter affecting the Prime 
Minister's death. A man away in 
Cornwall some days before drearmrd 
that he saw the assassination take 
place in the Lobby of the Hoii.se of 
Commons. Ho was John Williams, who 
lived near Redruth, and he has written 
an account of his dream. Here it is. 

Being desired (he says) to write out 
the particulars of a dream which I 
had in the year 1812, before I do so, 

I think it may be proper for me to say 
that at that time my attention was 
fully occupied with afiairs of my own. 
the superintendence of some very 


extensive mines in Cornwall being 
('lit rusted to me Thus I had no 
leisure to pay any attention to political 
matters, and hardly knew at the time 
wdio formt'd tht' administration of the 
(Oimtry II was therefore scarcely 
possible that my own irderesl in the 
subject should have had any share m 
sugg<‘sting the iircunistances which 
])resented themselves to my imagina- 
tion. It was, 111 truth, a subject winch 
never occurred to my waking thoughts. 

My dream was as follows : About 
the 2nd or 3rd of May, 1812. 1 dreamed 
1 was in the lobby of the House of 
( ommons. a place well known to mc‘. 
A small man dresserl in a blue coat 
and white waistcoat entered, and 
immediately I saw a person, whom 1 had 







(i''- ‘J* 


Mr. Williams's son came hurriedly into the room and exclaimed, 
dream has come true ; Mr. Perceval has been shot in the House 


obs<*rv<‘d in the hrst instance tlressetl 
in a smiH-ctdoured coat *nid ye!lo\v 
metal buttons, take a pistol from undm 
Ins coat and jiresent it at the little m.ni 
above mentioned Th<* pistol w.is dis- 
chargeil, and the ball entered under the 
k'ft breast of the jx'rsori at whom it was 
directetl 1 saw the blood issue from 
the })lace wIktc the ball had strui k him, 
His countenance instantly altt*ri'd, 
and he fell to the groumi 

Upon inquiry who the suffi'rei might 
be, 1 was informed he was tlu* ( haii' 
eellor of the Exchequer. I further saw 
the murderer hud hold of by several 
gentlemen in the room 

Upon waking, I told tlie particulars 
to my wife. She treated the matter 
lightly, and desired me to go fo slet'p, 
saying it was only a dream. I .soon fell 
asleep again, and again the dream 
presenled itself with precisely the .same 
circumstances. 

After awaking a second time, and 
stating the matter again to my wife, 
she only repeated her request that 1 
should compo.se myself and dismiss 
the subject from my mind. Upon 


rny falling asleep the third time, the 
same dream, without any alteration, 
was repeated, and 1 awoke, as upon the 
formci occ,a.sion. in grc'ut agitation. 

So much alarmed and impressed was 
1 by the circumstance above narrated 
that 1 fedt much doubt whether it was 
not my duty to take a journey to 
London and communicate upon tlie 
suliject wdth the ]>arly principally 
concerned. 

Upon tliis point 1 consulted some 
friends whom 1 met on business at the 
(k)dolpliin mine on the day following. 
After having stated to them the jiar- 
ticulars of the dream itself, and what 
were my feelings in relation to it, they 
dissuaded me from my purjiose, saying 
1 might expose mvseif to conlem})r or 
vexation, or be tak(*n 
up as a fanatic 

Uj)on this 1 .said no 
more, but anxiously 
watched the iiewspapt't 
every evening as the 
j)ost arrived On tlie 
(‘Veiling of 13th May, as 
fai'iis 1 ( tin ivcollect, no 
a (Mount oi Mr. Per- 
eeval’s death was in the 
nevvs])a|><‘rs 

A True Dream 

Hut niv se<oii<l son, 
Kitiuiimg from 'i'ruro, 
('anu* 111 a hutried 
manner into tin* room 
wh(T(‘ I v\'. IS sitting, and 
exclaimed : " Ea t h e r, 
your (livam has come 
true Mr Hen c'val lias 
been shot m th(‘ Lobby 
of the House of ('om- 
nujiis 1 'heie js an 
ae( ount come Irom 

V . London to Truro. wTit- 

‘•Fathrr.your 

of Commons xv,-n- ,.unt,-,l.’' 

Some weeks aft(U*th(3 
assassination, business took Mr Wil- 
liams to London, and he nal unilly went 
to tlu' Lobby of tii(‘ House of ( ommons, 
H ‘ jiointi'd out th(‘ spot wh(‘re Helhng- 
liam had stood in his dream, and also 
th(‘ place wlieie Mr. Perceval fell, and 
thc'se proved to b<‘ exactly the right 
spots Moreover, he described accu- 
rately the positions of other people at 
the moment of Hellmgham’s arrest, 
although he did not know who these 
men were. He simjily described them 
by their dre.ss. 

But still straug(*r is it that this was 
not the first time tliat a member of 
Pereeval’s family had had a pre- 
monition of coming death. A century 
and a half oarli('r the IxKly oi Robert 
Perceval, a youth of nitreteen, was found 
by w^atchnicn in the Strand during the 
early hours of June 5th, i(>67. 

He had come to London to study 
law, and was under the guardianship 
of his uncle, Sir Robert Southwell, 
who told some strange circumstances 
preceding the death of Robert to 
Robert's nephew, the Earl of Egmont« 
Tile earl wrote an account as follows: 


ROMANCE OF BRITISH HISTORY 


Robert (says the Karl) was but 
twenty when he was murclorod in the 
StraiKl by villairjs that, to this day, 
are not fout»d out, and lies buried at 
Lincoln's Inn, near one of the pillar^ 
underneath the chapel Some circiinv 
stfuiccs concorniniLj his death an* t(X) 
extraoril inary to be passed by. ai^d 
what I am ^[oing to relate I had from two 
persons whose sincerity f can depend on 

A few nights before tlie murder 
Robert, who was a student in Lincoln’s 
Inn, wiLs sitting in his chamber reading, 
and it was late at night, when there 
appeared to him his own apparition, 
stalking into his chamber 

My uncle was so astonished at tht' 
sight that he immediately sw(K)ned 
away ; but, recovering, he saw the 
spectre walk out again and vanisli 
downstairs. When lie was recovered 
of his fright he inulresscd himsell 
and went to bed, but in extraordinary 
uneasiness, so that he could not 
sleep, but ros(' early, and, f Hit- 
ting on his clollu's, went to his 
uncle and guardian, Sir Robert 
Southwell, who lived in Sjiring 
('#arden 

It was so eat I y t luit Sn Robert 
was not yet stirring, but never- 
tludess he wtHit into his room 
and waked him. Jt was a free 
dom Ik' was not used to lake, 
and Sir Robert was surprised, 
but, asking him what made Jnru 
ther(‘ so (sirly, my uiu'le, still in 
consternation, M'plu'd he had 
tJiat night seen his ghost, and 
told liim all the parti<'ulars as 1 
Jiave related them 

Advice to be Cautious 

Sir Robert ai lirst clml him 
lor n'porting an idle dream, the 
<‘ffei t of an ill life and guilty 
< ons<' lence (lor lu‘ loved Ills 
pleasure, and loJ loured it too 
niueh); but. observing the dis- 
order he was m, and having 
repeated tlie story tf» him, he 
grew very serious, and desiretl 
his iie)>he\v would take care of 
himself, and recollect it he hail 
given oetiisiou to any ])i’ison to 
revenge himself on liim; for this 
might be a true presage of wlial 
was to befall him. 

My uncle after some tune left 
him, and, notwithstanding tlx'- 
impression thus made at first. 1 
suppose he wore it oft .soon, or 
els(j it were impossible he t ould 
be so careless ot himself the night lie 
was killed. For that evening lie was 
doggeil from house to house wfiere 
he visited by a single man, who 
follow^ed him at a small distance, who 
when my lincle went into *1 house 
would wait like a footmau in the pondi 
till t'other came out ; insomuch that 
once or twice he spoke to him, asking 
what was his business in following him 
so close, and the other answered what 
was that to him, he was about his own 
business. 

Nay, when my uncle told his friends 


he was dogged, he would not let them 
send a footman to attend him ; and 
when at eleven o’clock at night he 
W'as assaulted by two or three’, and 
WMiimded slightly as he eiitcM'ed a 
tavern in the Strand, wdiere some Inends 
of lu.s were, he would take no wai ning, 
nor admit any one to sotr him .sate* away, 
though the tavern boy was so urgent 
witli him that he chid him for his 
impertinence 

Hut, leaving that company, lie was a 
little time aftei found dead by the 
watclinum in tlie Str.nifl, .suppo.sed to 
!)(’ killed in a liou.se and laid then’ after- 
wards I have the examinations taken 
by a coroner’s impit^sf now l)y me, 
but they could not help to a discovery 
This my umde Southwell told me a little 
time befcjre lie died, word for word. 

It IS said of this unfortunate yoimg 
gentleman, that when he came into 
the tavern befor<‘ mentiontHl, he called 


a little taint ; and then, after having 
wiped Ins sword, wliich was stained 
with blood (as he said) ot one of thost* 
by w’horn fie was assaulte<l, and wfiose 
Inisiness (as Jie expressi'd it) he had 
(tone : and after fiaving with his 

handkerchief tied up his leg, which 
was wounded, as ho was going out 
of the house to return to his own 
chambers, he stei>ped bac;k to tell the 
master of the tavern that he should 
remember that he had been attacked 
by per.sons who lK>re him an old grtidge, 


and that, if he was murdereft, his 
friends would find it out 

His person and conversation were 
Dolli more agreeable to others than 
advantageous to hinivSeif, for they 
led liim info company which proved 
fits ruin Example and fashion luui, 
as It generally lias upon men of his- 
years, too great an influence, whicb. 
show^ed it.s(»lf in most of his actions, 
and m one particular (in winch it was 
exaggerateil by a great (ourage and 
liigfi spirit) in a remarkable degree ; 
for Ik' had been engaged in nineteen 
duels before he was twenty years 
of age, in all of which he came off witli 
lionour, and commonly with adviuitage. 

A stranger’s hat witli a bunch of 
ribbons in it wa.s found by his side, 
from wIkmx'i* it was at first liopcd that 
the inurderei might be discovered ; but 
this expectation was foiiml vain Foi 
though the King by fiis proclamation, 
and lilt; family by all propel 
incpjines, endeavoured to bring 
tlu; oifi-nilers to justice, no posi- 
tive oi eertain jiroot was ever 
attained to, and Hit' villainy has 
as yet escajied at least <i pnblirk 
pumshnieril Somt' ini.tgincd 
it was done by Beau h'lelding, 
with whom he had a cpiarrel at a 
pl/iy, otiu’is by a near relation 
to Sir Robert Sonthwi’II's wife. 

Help tor the Family 

Hut to return to Spencei 
Lena val, the Prime Ministi’r A 
mt'ssage was (lelivennl to tfie 
House from the Pnix’e Regent, 
alti’rwanL fieorge IV, which 
said: “'I'he Prince Regent, 
tie (’ply imjiiessed with the 
serious loss His Royal Highness 
anti tfie country have sustained 
m conseijueiK c‘ of the miinh’i ot 
the* Right Honourable Speneei 
Pc’iceval, and being desirous of 
marking his .sense of the public 
and private virtues of Mr 
Pc'rceval, and of aftording relii’t 
and assistance to his numerou-' 
and afflicted tamily, rc'coni' 
mends to thc' UoustM)! ('omnitiii'^ 
to enable His Royal Highness, 
in the name and on the; behall 
of His Majesty, to make such 
jirovisioM tor the widow' and 
family ot tfie l^ight Hfinourable 
Spencer Perceval as to the 
justice and liberality of Parlia- 
ment may seem propei 

This was agreed to, and the 
House* made a grant ot ^Tbo.ooo to the 
Perceval family, £10,000 to tlie eldest 
son, and an annuity of £2,000 to Mrs 
l*ereeval during her life, which was 
alterw'arcis to descend to her eldest sou 
It was decided to raise a public 
monument in Westminster Abbey to 
Spencer Perceval's memory, and he 
would have had a public funeral, but 
that the family earnestly desired that 
it should be a private one. 

Tfiis strange and dramatic death of 
a Prime Minister was a rc'markabh’ 
alftiir, and caused a great sensation 



Robert Perceval after being attacked and wounded returned 
to the Tavern and lied up hii leg with his handkerchief 


foi a ol brandy, saying h(' w^as 


jf22() 



Man i.\ always uut'ntini^ maihtnvs to saoe ttnu unit labour ^ and 
on thii> pa^e you wv; four tdeas that nave a lot of work. Some' 
limes electricity authorities Jorf>et where they have laid cables, 
and when they want to find them would have to dig up a lot of 
ground hut Jor the instrument shown on the top left-hand photo- 
graph, livery wire carrying an electric current creates a magnetic 
field, and this can be picked up by a receiver, rather like 
that of a radio set, as the probe hM in the operator's left hand 
moves across the ground. The influence of the magnetic field 
actuates a smalt buzzer , the note of which is heard in the operator's 
earphones ; the louder the note, the closer the probe is to the buried 
( able 'The rightdiand photograph sh(nvs a small tractor, with Uvo 
, wheels mounted one behind the other, whii h 
n used on railways for shunting wagons 
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THE VERY GREAT IMPORTANCE OF WATER 

It is a good job that there IS so much water on the Iiarth, for every living creature needs large (]|uantitics 
or water and cannot exist without it. That is one of the reasons why a world without water, like the Moon, 
is a world without life. In these pages 've read why living creatures must have a constant supply of water 


I T ih quite impossible lor human 
lieings, or indeed foi auv o 1 the 
higher anim.ils, to live lor long 
without water. VVe sonietmus n'.id 
oi men at shows lasting lor iortv days 
m order to eiirn money, and it is 
perfectly true that men liav(' gone 
without l<Kxl lor this period, and even 
longer, and .still remained alive 

Hut it we read the lu eoiints o| their 
lasting wt‘ shall always tind that they 
are well su])]jlied with water. It would 
be <tuite impos.sible for a human being 
to live for forty days, or (*ven ior a week, 
without water. Two-t birds of the 
weight of our body (on.sist of watt'r, 
and even three-quarters ol our skin, 
hair and muscles are mafic up ol wal<‘r 
Half the weight of bone in our bodies 
.md one lourth of the tat consist ol 
wMter. A constant supply ot water is 
therefore alisolutely luse.ssary to main- 
tain the bodv 


Hut . I part lumi this the \val<*i is 
nef'ded lor anothei piirpos<\ W'e are 
abl(‘ to live onlv ^^hen our bodies are 
within a vi'ry iiaiiow lange ot tf‘Tii]>rra- 
tiire, aiul as we move about iioin (old 
climates and places to waini places, as 
the se.i.soii changes from hoi sum met lo 
( old winter, a very dcliiale niethanism 
IS need(‘d lo adapt out bodies to the 
(hanging (onditions and pievcuit them 
from gf'ttiiig t(*o hot oi too cold 

Jt IS by means ol water that this is 
doiK*. Ill hoi we.itliei, or m the i ngim' 
room (jf a ship or factory, we sliouhl gel 
tai too IkjI for health, or even for life, 
weie it not ha' th(‘ sti«*arn of wati‘r 
whuli IS eonst.inlly passing through om 
bofh(‘s. In hot weather we drink a great 
d('al more tlum we do in \vmt(‘r. Om 
bodies ( ry out for watei , amf 1 hough we 
may take it in the form of tiM or ('utfet‘ 
or lemon.Jcf(‘ it is the W’att‘t and not th(‘ 
tfavourmg that our bodies dcunaiid. 


1 li(‘ watei passes into our bofiy, and 
tlu'ii, by means oi millions of tiny 
glands known as sweat glands, it 
pass(*s to th(.' outside (it our skins as 
moisture, and is ev.iporated b^ tfu* 
warm air. I'his evaporation cools our 
-kins «ind our bodies, and pnweiits 
them from Ix'commg loo hot hir iiealth 
.md life. Kven hf)t tea m sumniei will 
keep us cool, lor it ( aiises us to pi'isjiire, 
.md when the j>ers])iration evaporates 
Irom OUT skin at k'a.st fifty times as 
much h(‘at is earraxl away from our 
bodies as the hot tea pul into them 
.Most i>eo]ile drink tar too little \\'ater 
Our bodi(‘s manutai't nn», from the 
hydMjgi'ii 111 the lood we eal and the 
oxygen of tlu‘ air we Imsithe, about a 
pounfl of water a dav. but this is nothing 
like (‘iioiigh lor our iK'C'ds. W'e really 
have to live' m a nmiiing stre.ini of 
water. More than hall the lood om 
l)0(|i(‘s r(‘(|uin’ < onsi.sts ol w^atfu* In 

















One of the marvels of the human body is that although there are in almost all parts of it minute tubes through which water is 
constantly passing from the body into the air, yet water cannot pass the other way through these tiny tubes into the body. If it were 
not for this one-way traffic of the sweat glands, we should be unable to bathe or take a bath. The children shown in the photograph can 
sit in the sea without a single particle of water entering through one of the two million or more sweat glands scattered about their bodies 
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WONDERS OF ANIMAL AND PLANT LIFE 


otlKM- words, 58} parts oul of cvf*ry 100 
ol the substances we take to k(;ep us 
alive must be vv.iter. 

No animal can live uithout water, 
for all anim.il tissue is largely ( omposefl 
of it. and it has been wry truly said 
that “ to bf' dried is to di(‘." 

Of eoijrs(\ w(' pet spire a ;^n‘eat deal 
more in hot \veath(‘r, or when we are 
t.ikinf» violent eseicisi' than vve do in 
vvint(‘r, 01 when \v»* are sittinf< (piietly 
Ihit even on an ordinary day, when the 
weather is not except lonallv hot. and 
\vh<“n wi* arc not e\(‘rcisin>’ unduly, our 
skin discharges about 23 ounei's ot 
sv\eat. and more than (|(| per cent, ol 
the sweat consists of water, 

\\V must nuiuunber w(‘ are not 
perspiring only nvIumi w(* see beads of 
moisture on our sUiim. \V'<' iire always 
per.spiring, but when the sweat glands 
get unusuallv bnsv, as when w^e an* 


very hot. or have? lM‘en taking \'if)lent 
exer<'iso, then a grc*al deal ot moisture 
is given otf by the skin. 

'I'he sweat glands or pores eonsist of 
long lubes which open at one end by a 
valve like mouth. They are found in 
(‘Very part of the skin, and cire nearly 
always at work. Tlu’y are particularly 
numerous and large in the palms of the 
hands, the solc's of the fetd, the foreheatl 
and the sides of the nose, but there are 
very tew on the back. Each one of us 
has about t wo-and-a-half millions of 
these sweat glands, and they .irc' all 
surrounded l»y a network ol capib 
larie.s, or tiny Idood vessels In a full 
growui man the sweat glands put end 
to end would n‘aeli a total length of 
t(‘n mil(‘s. 

11 is v(‘ty wonderful to remember 
that our skins, although supplied so 
rii hly vvith these sweat glands that wr 


can be giving off moisture all the time, 
are nevertheless watcfrproof in the 
opposite direction. No matter how 
mueh w<‘ immerse our bodies in water 
the lujuid cannot enter through the 
skin. This is owing to the valves with 
whicii the sweat glands are fitted. 

It IS a very good thing that we are 
so wondertully made, otherwise we 
should not be able to go swimming, 
nor would it be safe to have a bath or 
even wash our hands I 

It IS a very •serious thing to have 
the outlets of the sweat glands sealed 
up, as when a person is tarred all ovei 
the skin. The tar needs to be removed 
promptly. Once a small child riding in 
a procession as Cupid was gilded all 
over the body and it died btjcause fhe 
gilt paint had filled up the pores of the 
skin, and the .sweat glands were then 
unable to carry on their work. 


THE COCKATOO & MACAW & THEIR POWERFUL BEAKS 



Birds of the parrot tribe like the cockatoo and macaw, shown in this photograph, have very powerful beaks that in appearance are somewhat Uke 
those of the carnivorous birds of prey. The members of the parrot family, however, are vegetarians, and their powerful beaks are needed for cracking 
nuts and other seed cases which provide their food in their natural haunts. It is a great mistake to give birds of this family, when they are in 
captivity, scraps of meat, gravy, sweets and suchlike food, as it makes them unhealthy and often leads to the deplorable habit of feather*«ating. 
Nuts, seeds and fruit are the foods on which they live in the wild state. With Its formidable beak the cockatoo, a specimen of which is shown on 
the left, can saw and hammer and unfasten screws, and even open the links of metal chains. The macaws, one of which is dhown on the right, 
also have very powerful bills, and can give a nasty nip to a Anger. They seem particularly fond of nipping boys and girls, so that it is best to keep 
at beak's length. There are many hundreds of species in the parrot family, some large and some guite small 
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A CREATURE WHICH GROWS ITS OWN HOME 


T he story ot the development oi 
the tortoise is a very strange 
one. Here is an animal which 
moves about very slowly 
and carries on its back a 
house into which it can re^ 
tire when danger threatens 
In far-back times the 
tortoise did not have a shell 
or carapace on its back, 
but it started to develop an 
armour-plated skm made 
up of bony nodules coven'd 
with a sheath of horn, and 
as this, in the course oi 
time, increased in weight 
and size, it hindered the 
movements ol the animal’s 
backbone 

The result v\as that the 
nuLscles of the bark, lu'u ing 
k^ss an<l less work to do. 
dwindled awa\, and the 
back shell gradually became 
lowered oh to the ribs and 
spine till at last shell and 
ribs bee a mi* welded 
together, form mg the shell 
of tlie toitoise as \\c> know 
It io-day. 

The bony plates liave 
become beautilully linked 
with t])e nbs, but down 
the mitldle of the shell, it 
we examine a tortoise, 
we can still see the tops 
of the spines of the 
backbone The tortoise 


having developed tliis heavy armoin 
for protection, something had to be 
sacrificed, and it w'as specrl that went 


d he tortoise now crawls alHuit very 
slowly and deliberately, carrying the 
heavy carapace, whieli is a combined 
house and ••keleton, witJi it 
There an* small tortoises 
like the Greek tortoise ol 
Meiliterranean countries, 
which are ollen kept in 
English gard'‘iis. and there 
are giants liki* tho^e ol 
the Galajiagos Islands, 
which somei lines w'cigh 
over Ooo pounds and are 
more than lour teet long 
These live for several 

eentiiries 

The European tortoise is 
4in interesting animal to 
keep as a })el People 
with no knowledge ol 
natural history olttai bii\ 
sfietinuais to destroy Idack 
bi‘etles or other inserts, 
lull, of course, the tortoisi* 
is ;i strict vegetanan It 
loves water, and in warm 
weather it plac<‘d under .i 
iiuming tap will put out 
»ls neck in <litTeri*nt direc- 
tions to get W(‘Il bathed. 
It hibernates duniig the* 
winter, burying it'-elf ]Ust 
imdcT the ground, often in 
a tiowcT becl. and appears 
again n(.‘xi year vvhcui the 
weather begins to get warm. 
It IS very hungry after its 

sleep 



A tortoise in an English making its first meal of lettuce 

leaves after wakini |rom its long winter sleep 



A giant tortoise in an English zoo which is big enough and strong enough for a boy or girl to ride on its back. in its native haunti^ 
this animal, which lives for several centuries, grows much bigger than the specimen in the picture, often reaching four feet 
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A GIANT TORTOISE AND ITS LONG NECK 
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Very tew of these giant tortoises are now left m the Galapagos Islands, where they once abounded. They measure as much as four 
feet in length and weigh sometimes over five and a half hundredweights. They used to be killed for their meat, each tortoise yielding 
^o hundred pounds. Although in the ordinary way when withdrawn into its shell the tortoise appears to have very little neck, it can 
if necessary extend its head far beyond its shell, when it will be seen to have a very long neck indeed. If, for instance, the tortoise 
wants a drink it will stretch its neck to the full length in order to reach the water 



THE PLANT WIZARD AND HIS GREAT WORK 


E vi i< since early man, or perhaps it 
was woman, fomul that thr* 
iruits of certain wild plants were 
pl(*asant to taste and useful for satis- 
lyinu hiinj^er, allcmpts have lK*en made 
to improve these, so th.U larger and 
more luscious traits mif^ht he obtained. 

(n the last thirty or forty vea’-s more 
MK'cess has been achieved in this way 
than in all the centurK's that went 
btdore, for instead of Udtiu^ Natun* 
do her own work and merely si'lectintj 
the most suitable plants from what she 
prodiiC(*d, lUcin has now brought scienci' 
to his aid and helps and liurnes up 
Nature, so that in .i few years he has 
pro<luced thousands of \’aneti(‘s of 
new fruits, larfijer and more luscious, 
and firowinf' on their tn'cs or bushes in 
»j;reater abundanc(‘. th.in had even 
been dreametl of liy our j^rand]>arenls. 

W hat is true of fruit''* lias been 
erpially true of flowers, and we have 
only to visit a larf^e garden or look 
through a nurst*ryman's catalogue to 
s(*e the cxtraordin.iry devidopnient'- 
that have been brought about. There 
are thousands of kinds of roses ol 
various shfipes and c.oUmr.s, and him 
dri'ds of varieties of swec't p(Ms, lilies 
and other lovelv plants, with an astoie 
isliing range of form and colour. 

Ol all the men who have worki'd lor 
the world in this way none has a< hieved 
such amazing results as 


in M.is.sachusctts .icross America o 
California, when lie decided to carry on 
his <*\])erim(‘nts un 1(M the very favour- 
able weatluu Conditions hmiiii then*. 

ITom that time until his death, 
Burbank spent his wdiole life in carry 
mg out expi riinents m pl.mt-biveding. 
He produced many millions ol plants, 
and at one time had growing in his 
grounds as many as ^500,000 distinct 
varj.tu'S of plum, bo, 000 pt ach and 
nectarine trees, 6,000 almonds, 5.000 
rhestrnifs, 5.000 walnuts, 3.000 a,ppl«-s. 
,>.000 peats, 2.coo(» clietries. and 1.000 
grape vines, be.sides tens ot thousands 
<d other ]>lants In one siMson he m.idi' 
over 100.000 grafts, obtaining from 
them material for ten million fresh 
gratts. 

A Man Who Loved His Work 

Bui bank loved his woik, and he had 
.in imcaimy facility in picking out from 
the hundreds of thousands of plants 
growing at one time those which pre- 
sented slight differeiites worth con- 
sideration. Ills .sense ol sight was 
remarkably dcvelopt'd, and t'xpiTts 
who te.sted his eves declarc'd that he 
was able to di'tect diffenmees and vari- 
ations in colour not noticeabh* to ordi- 
nary peoide. 

llis seii.ses of smell and ta.ste also 
were extraordinarily acute. He could 


go p.ist thousands of seedlings at an 
ordin.iry walking pace and single out 
or mark oiu‘ here or tht're so th.it at 
the end ot the wafk he would have 
|).Lsse<i in nw'iew 20,000 or more plants 
and sekrted from them 50 or 60 for 
further experiment 

Realising that (hestmit.s wen' a 
nuisance fo gather becausi' thev grew' 
on lugli trei's, he s(‘l about prodiu:ing 
a dw.irf che.stnut tre(^ no higher than 
a gooseberry bush, from wdneh th<‘ nuts 
t'onld he. galht'red fiuitf' easily, without 
st(‘p.s or ladders, Tlien lie crossed lre<*s 
producing giant chestnuts in Japan 
with American chestnut trees, and 
iinpiovt'd both the size and flavour ot 
the fruit. He al.so speedcfl up the date 
of bearing, so that the dwairf trees 
began to have nuts only .six months 
after being planted 

He also carried out some remarkable 
t*xp<5niiu.*nls with walnuts. 'Ida* hard 
shells wa‘re a nuisance, so Burbank 
decided to iiroduce walnut tiecs which 
should yield nuts whose shells shoiiUl 
be so fhiii that thc'y eould be torn off 
)ik(‘ paper with tht* fingers, aiul thus 
nutcrackers would be abohslual. 

J le succeeded, improving the fruit 
at the .same time. But in this cast* he 
overreached himsell, for the birds, 
finding that the nuts could be got at so 
easily, soon linished up the fruit, and 
Burbank then ha.d to 


laillu'i* Burbank, the Plant 
W i/.'ird. \Vc read in anothcT 
I'ait of this book of how' 
he produced tlu* spineless 
I at'tus to providtj eatllo 
food in the dt'st'rls ol 
.\menca, but that was only 
one of his many thousands 
t>f fiiumphs. 

A Famous Potato 

As a youth h«' was always 
C'X]iennientmg in ])lanl cul- 
ture, and his first siacess 
w^as with the ].>otato 'I he 
potato i)lant dt>cs not 
usually produce sec‘d. but 
young Burbank notaed one 
day a ])lant with .1 (lust(*t 
of 23 seeds. He collcrtcd 
the seeds and in due toursi* 
planted thi'in. To Ins 
great surprise no two s(*eds 
produci'd the same kind 
ol potato (.)ne, how'ever, 
yicldi'd tubers of a nunark- 
able size and whiti'iiess, so 
h(’ savi'd tht'sc* and planted 
them the next year, 'they 
n'pruduced their fine quali- 
ties. and he n'ahsed th.tt 
he* ha.d createtl a new potato, 
which ever since has been 
known as the Burbank 
potato, of which it is esti- 
mated that 1^,000,000 
worth have been raised in 
the United States alone. 

All Burbank rec:eived for 
his achievement, however, 
wa,s £^o ; but this enatded 
him to move from his home 



White blackberries produced by Luther Burbank» the Plant Wizard 


thickc'u and harden up the 
slic'lls of his new’ walnuts in 
ord(*r to protect them from 
the birds. 

Two Fruits in One 

Another wonder tliat he 
performed w'as to pro- 
duce a plant that would 
lK?ar peaches with almond 
nuts ia.side instead of or- 
dinary stones, tw’<^ fruits 
thus actually growing in 
one. He took the f>lum a.nd 
the apneot and eoinhmed 
them so as to ci i*ale an 
entirely new orchard fruit 
which he n.’imed the 
phnneot. This had tlu* 
qualities of both its an- 
leslors. He crossed the 
raspberry aiul blai klxuTv 
and j)roduc.ed anotlu'r new' 
fruit, th(‘ loganberry, wliich 
now grows not only in 
Anu'rica but in tireat 
Britain, and ])ro<luces an 
abnndance ol berries, 

Ix'ss kiumii IS his sun* 
Ix'rrv, a cross V>etween twu> 
spc’cies of nightsluuh*, oru* 
a native o\ Africa and the 
other of America. Neither 
produces an edible fruit, 
but the hybrid that Bur- 
bank I'H'ated lu'ars a deli- 
cious fruit. It took the 
Plant Wizard 25 years to 
achieve this result. ICflort 
after effort failed, and then 
at last he grew a plant 
which l)ore a single lierry. 
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WONDERS OF ANIMAL AND PLANT LIFE 


He watched over th(‘ pnrioiis fruit 
very carefully until it had ripened, 
then jealously f2;uarded the seeds and 
finally planted them, and produced 
what he had been seeking for 

One of his most dramatic produc- 
tions was a plant that jnoduced 
potato<*s underground and tomatoes 
above ground He obtained this by 
grafting a potato plant on to the roots 
ol a tonuito viiu‘. He also grew 
tomatoes and potato<JS on the same 
plant al>ove ground 

Hut all his etiorts were not direct tMl 
towards pnahuing absolutely new 
plants. In fact, Burbank was never 
anxioii.s to pHutorm men* horticultural 
tricks, an<l he rather disliked the name 
of Plant W izard 


Perhaps most of his efforts were 
in the direction of improving existing 
fruits and flowers and increasing the 
nurnl^r of varieties. He p<*rformed 
wonders wuth the plum, producing in 
a few years more than sixty new varie- 
ties, embodying every possible good 
quality that could be desired. Some had 
an exceptional percentage of sugar, 
others ripened a month or two before 
usual, some had a very thin skin, 
others a very red flesh, and tme of his 
greatest marvels was to grow a variet> 
of plum that had no stone insidi*. 'to 
do tins he crossed a small Europ»eau 
plum, not much larger than a cranberry, 
which had a very small stone, with 
certain rich American varieties, and at 
last produced a very large and lusi ions 


plum that could be bitten through like 
a strawberry. Another achievement 
was a fine large, white blackberry. 

Some of his results were produced by 
putting the pollen of one plant into 
another, and some by merely selecting 
again and again plants vrhich had the 
qiialiti(‘s he desired. He grafted the 
selected seedlings on to healthy plants 
instead of leaving them to bear on 
their own rf>ots. and in this way got his 
results much more rapidly. 

Sometimes a thousand dillerent 
varieties of fruit might bo seen growing 
on a single tree in Burbank's planta- 
tions. One secret of his succes.s was 
that ho had no hesitation in ruthlessly 
dt'stroying hundreils of thousands of 
uniKH'essary plants 



Hert are «ome ot the creations of Luther Burbank, the plant wizard of America. By crossing the dewberry and blackberry he produced a new 
fruit. He also produced a cactus without spines, a bleckberry without thorns, and a plum without a stone. In the picture the stoneless plum is 
shown by the side of a plum with a stone in it. Burbank also grew aerial potatoes on a tomato plant, and produced chestnut and walnut trees no 
higher than gooseberry bushes, so that their nuts could be gathers easily. He also reduced the thickness of the peel of oranges 
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SOUND WAVES THAT WE CAN SEE 

The wonders of science never cease and in the achievement of many ot these photography plays a large part. 

Who would ever have thought that the waves in the air set up by sounds would be photographed so as to be 
seen by our eyes, yet, as we read here, this wonder has been actually accomplished 


W E ill) like to starul on the ht-aoh 
OT look ov(jr the side ot a hoar 
and watcli th(* waves mov(' up 
and down on the wat(‘r and travel 
along. But although we know' that 
.sound is the result of wa\es in the 
atmosphere striking our ear-drum^, we 
do not usually think ol tliesc vva\’es 
as being visible \'et there are tunes 
when sound wases m fla* atinosphm' 
can be seen. 

Karly in the pre.senl (entury an 
American scientist was standing on 
Vesuvius during an erij]>tion Isvery 
lew seconds Ihete w.is ,in e.xplosion 
and lava and um kv Itaginents wen^ 
thrown out ol the (rater \s the pro 
it‘ss(jr watch(*d Iht' snioki' and dust 
rise troin the volcano he saw a thin 
ring of light move npvvaids rapidly 
Irom th(* cjatei and snddcailv lis- 


appear. He < ontima 
at each ex])losion 
the same pheno- 
menon was seen .\ 
luminous ring shot 
out of the vol( aiio 


to watch, and 



d 1 s a p ]) e a r 1 n g 
1 m m e d i a t e 1 v 


waves and those Iroin guns, but with 
out .success Sound wax'es have, liow 
I'ver, been photographed and show up 
clearly in the case ol a ritle bullet flying 
through the air, \ photograjrh was 
taken with an exposure of ont'-mil 
iionth of a second, and the light rays 
)>asMng tlirough a segment ol tlu' air 
whu'h iiad been compressed by the 
flying bullet, distinctly recorded 

rn the tram the bulled 

I he nxison for the visibility ot 
sound waves in llie ein'iimstanccs 
inentioiusl is that air Ixuids or refracts 
light lays .u cording to its density, 
riu' light jiassiiig through tliecoiidiuised 
all which is rapidly expanding to 
ri'sutne its old volnitK*. Iwaitls tlic rays 
of Jiglit so inarketlly that tli(‘v arc 
\ isilrle to the eye or the camera 

WIkui a silencer is n.sed in lirtng the 
laillel from the rifle and a photograpli 

f V 


is taken, no sound waves are then 
visible <>n the plate, for the simple 
reason that the sound being reduced 
there a,n' no waves to make their 
a])j)('aranee on the sensitized film 

riic photograpliing of sound weaves 
in thf‘ manner described is of great 
interest .is a s( iiMitific triumph, hut it 
IS of more Ilian theoretical interest, for 
by stuily of these photographs scientists 
hope to be able to deal with th<.‘ loud 
noLse ma.de by a moving aeroplant* and 
fo ini rod lice methods or machinery 
that shall mak(‘ the aircraft practically 
silent 

Th(' noise ol the aeroplane, jf has 
been di.seovered, comes from thn*e 
dilltuent soiuies ()ni‘ is the popping 
of the exhaust, and this can lx* abob 
]sh(‘d by a silencer similar to that used 
with a gun 

'riieii there is the churning ol the 
air by the pro- 
' "-'vjm p e 1 1 e r, w Ji i c h is 

‘ ^ ^ I' “ s i b 1 (* for 

^10 about a third 

- ^ of till* noise, rhis 

^ can be lessened by 

' using gears, for it 


J'hese rings moved 
up larmore quickly 
than the solid 
matter 

.-\ f(*w years later 
till’ same .scientist 
saw the rings • >f 
light during an 
eruption of JCfna 
He (le.scrihed them, 
and explained that 
the flashing a n. s, 
as he termed tlii'm, 
were really visible 
.sound waves. 

The .saiiu* kind 
of thing was wit- 
nessed during the 
(Vreat War When 
the big guns were 
fired, curved bands 
of light were often 
seen to s w i* r p 
across the sky. 
They looked very 
m u c h like t h c 
ripples which wa* 
see when we throw 
a pebble into a 
pond. These also 
were visible sound 
waves. 

Attempts were 
made to photo- 
graph both the 
volcanic sound 




A photograph of a bullet just after it has left the muzzle ol the rifle, showing the sound* 
waves which il causes as it whirls through the air. The photograph was given an exposure 
of only one-millionth of a second 





An instantaneous photograph of a bullet just after it has left the rifle’s muzzle, when 
flred through a silencer. It will be noticed that the sound-waves seen in the upper photo- 
graph are entirely absent here 


is a fart that after 
a certain point. ha>; 
be(*ii reached the 
aerojila lie’s .speed 
is not mc:rea.sed liy 
increasing the 
numher of the pro- 
peller's revoIntion.s 
per minute. 

Finally, there is 
the noise known as 
flutter,” which is 
.similar to the 
sound made by a 
flag in the breeze, 
^'he blades of the* 
propeller create ti 
hurricane and the 
aeroplane as it 
moves through this 
IS set fluttering in 
all its pmrts. and 
this makes ipiite a 
large proportion of 
the. total noise 
caused by a moving 
aeroplane. Devices 
to silence the 
flutter sounds are 
being thought out 
and these instanta- 
neous i>hotographs 
of sound waves are 
contributing a 
good deal of help 
in the wwk. 
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HOW THE AUTOMATIC TELEPHONE SELECTS 



Uniselector 


When you lift the microphone-receiver of an automatic telephone an electrical impulse is generated from batteries at the local exchange 
and operates a device called a selector which connects your telephone to a disengaged line. If you wish to ring» say, THOrnton 4x57, 
you then dial the first three letters of the Thornton exchange. Behind the dial of your telephone is a row of electrical contacts, one for 
each finger hole on the dial. Turning the dial from T to the stop at the bottom of the dial causes the contact behind T to close and an 
electrical impulse is sent out through a switch which is actuated only by the T contact. When the exchange initials THO have been 
dialled, the impulses operate an instrument at your local exchange called a uniselector, and the uniselector then switches your line from 
your local exchange to the Thornton exchange. Your telephone is now directly connected to the Thornton exchange. The next step 
is to connect your telephone to that of Thornton 4x57, who is one of perhaps 10,000 connected to the Thornton exchange. So you dial 
4x57. When you turn the dial from x to the stop on the dial rim, an impulse is transmitted along the line connecting you to the 





ONE SUBSCRIBER FROM A MILLION OTHERS 




Thornton exchange, and this impulse sets in motion a contact arm, called a wiper, which moves across banks of stationary contacts 
called a selector. There are loo contacts on the selector arranged in banks of ten. When you dial 4, number 4 contact is ensrgised 
and attracts the contact arm to it, so completing an electric circuit ; as this process is repeated for i, 5, and 7, circuits behind the 
contacts are closed and generate an impulse which is transmitted along the line connecting 4157 with the Thornton exchange and so 
rings the bell on telephone 4157. When 4157 lifts the receiver, he has, in effect, a direct telephone line to your telephone, along which 
both of you can speak. If he is using his telephone when you ring him, or if he does not lift his microphone receiver, the connections 
made by the wiper on the selector are short-circuited, and operate a buzzer which you hear as the engaged signal. 




SIMPLE EXPERIMENTS IN THE SCIENCE OF COMBUSTION 


O N this pa^(* arc flosoihotl a mini 
l)tM‘ ill simple expcrimeiits illus 
tratin,n laits in the science oi 
(‘onibn.stion 

First ()l all l<-t us take a <.aii<l)e and 
It When it has burnt well lor 
a minute oi two blow out the llaine and 
hold a lightcfl match a short distance 
from it The wit k will at onc(‘ re 



Relighting a candle at a distance 


li,t»hl. 'l lx* explanalKui is Ih.it the hot 
vaponi kiven oit by the (.nidle comes 
into ( ontact wit h t he llanie ol the mati'h 
which travels at loss to the wick, re- 
hjL'htin^^: It It. howeviT, wc wait till 
ih(' h(|ind iai loiind the wick is (‘old. 
th<*wi( U cannot be lehqlited m this wav. 

TaK<^ a strip ol stilt \vii<‘ about i loot 
Ion}.;, ami eurl lound tlie btiltom, to 
mak(‘ a stand Now takt* three short 
lengths ot wire <ind btmd Touud the 
upnt.;ht at ditterent points, h'asten a 
wax \'(‘sta tt) each and lii^lit them, them 
invert over the whole a laij^e ^las.s jar 
Wc shall notice that the top flame will 
t;o out first, then tht' second, and 
hiuiUy the bottotn one. -Vs the oxygen 
inside llie jar ntjeessary to support 



Wax Vestas put out one after the other 


coinl)ustion is used up the tlanics go 
out one after the other, the Ixittom one 
Ixdng the last becanst* that uses up 
the last of the oxygen. 

Here is another exjxjriment in the 
t'xtinguishing of a ftaine. W'e buy at 
the chemist a Seidlitz powder and 
mix the powders out of the blue and 
white paiHTs in a dry bottle with a 
wide mouth. We pour some water 


oil the mixture, when there is a great 
bubbling. After a few minutes we 
light a match and plunge into the 
bottle The light is extinguished. We 
lelighi j1 again and hold it at the mouth 
ot th<' bottle, .\gain the Hame is ex- 
tingnished 'rh(‘ rcasmi is that carbon- 
dioxide gas is being lorined m the jar, 
and this is not a .support<T of romhuS' 
tion and so the flame goes out. 

fft'rt* IS .m interesting <‘vpcM*iment in 
which we use nietliylated spirit. We 
put a tablespoonlul into an enamel 
saucepan, and then take* a piece t>f 
wire gauze anti rest it tni top of a cup. 
We light the methylated spirit and whilt* 



A match extinguished by a Seidlitz powder 


\\ IS flaming pour tin* hiirnmg sjiiril 
through the gauze into ihv. eup. \Kv 
sludl find that though the s])jril go(‘s 
into th(‘ <up the flame does not. On 



Burning methylated spirit passes through 
gauze without the flame 


the principle ol the miner's .salet\' 
latnp the wire ot the gauze absorbs so 
much heat from the flame that the spirit 
as it )>asses through ceases to bum. 
This ex|xrriinent is Ixst pc^rfonned in 
the o|x*n air on a ciilm day. 

Take a small ball of cotton-wool and 
lasten it to the end of a wire. Saturate 
it with methylated spirit and light it. 
Bring down upon the top of the flame 
a piece of thin glass or mica. As wc 
look through the glass we shall .see a 
hollow ring of flame, and if we blow 
out the flame the cotton-wool will be 
charred only in the form of a ring. 
Inside will be a clean patch. It is 
clear from this that the flame is hollow. 


Anoth<*r interesting experiment in 
extingui.shing a flame can be carried 
out with the aid of a bottle of soda 
water. W<* take a piece ot paper and 
l<ild it into a sort of hood which we 
place over the mouth of a tumbler, 
l<‘aving an opening on one side. Tlum, 
removing the cork from the soda water 
bottle and allowing no liquid to get 









Viewing the hollow flame through a glass 


mlo the tumbler, we hold the mouth 
under the jniper hooti. Alter a minule 
1)1 two, we remove th(’ Ixfltle and them 
light a taj>cr .and jtiunge it into the 
tuniMi'r. It goes out. Mtliongh we 
have seem iiolliing coming trom the 
t»()l(l(*, t arbon-dioxidc gas lias been 
emerging, and tins, being iKavim thrin 
an. Sinks into tlu* turii)>lei Plu^ ga.s 
«1(»(‘S not supjitut coinbiistiHn, jind so 
I he flame gfX's out. 

.'Xnollici intiTe.sting experiment in 
combu.stion h to gel a small juec*’ ol 
magncvsium wire or ribbon and, hiflding 
it in a pair ot pliers, jflace it ni the 
flame of a gas-rmg winch is icmIIv a 
Bunsen burnea* and is very hot. In a 
moment the wire or ribbon will biigin 



Carbon>dioxide puts out a taper 


to burn with a very brilliant light, pro- 
ducing a white substance. This is 
known as magnesium oxide or m^- 
nesia. The magnesium when burning 
combined wHh oxygen from the air, just 
a,s iron wf /en subjected to damp absorbs 
oxygen and forms iron oxide or as we 
generally call it rust. Magnesium wire 
can be (xmght at a chemist's or photev 
grajphic shop. 
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WHY THE COWL HELPS THE SMOKY CHIMNEY 


Wm$ 'd0Fhdted dotm. 
upon chimney-pots ^ 
\hy tree &house-top 
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Smoke blol^^n 
into room. 
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Three kinds of co^yi deflecting 
wind and allowing smoke to 
escape from chimney 
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Many chimneys smoke when the wind is in a certain direction, that is the smoke instead of escapin&^^ut oi the top of the chimney- 
pot Mows down into the room. Why is this ? Well, the reason is that when the wind is in this ^p^icular direction it is deflected 
down by some tall object, such as a tree or an adjacent roof, so that it blows directly down the chimney, as ahown in the first picture. 
Generally the putting of a cowl on the chimney-pot remedies the defects There are various forms of cowl as shown on the right. One 
has a wing that causes it to blow round away from the wind. Another revolves preventing the wind blowing directly down the chimney- 
pot, and another form has slanting rings one above another to deflect the wind outward instead of down the chimney 
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THE DAYLIGHT AT THE END OF THE TUNNEL 



It IS difficult to judge distance unless we can see between ourselves and the point we are looking at a number of familiar objects whose 
sizes we know more or less correctly. lf» for example, we are looking at a house several fields away we can judge the distance by 
noticing the size that the house appears to us and also the size of the various trees and other objects that lie between us and the house. 
When such objects are absent and when the point at which we are looking is a light that pierces the darkness it is very difficult indeed 
to get any idea of distance We can see this by looking at the photograph above. It represents the Rove Tunnel through which runs the 
Marseilles- Arles Canal, and the point of light in the centre is really the exit at the end of the tunnel. How far away should we think 
this exit is ? Some might say half a mile and others even a mile or more, but as a matter of fact the exit which we see as a white dot is 
really four miles from the point at which the photograph was taken. It is a striking example of how our eyes may deceive us 


BOILING THE KETTLE WITH HEAT AND COLD 


W flEN W<* put cl kul tlc* tullot WHtCI 

on the tiro or gDs ring, thowalt'r 
beconu's heated and gradually 
rises in temperature till at lonf^th 
bubbles of vapour begin to mount to 
the snrfare. When this hapinnis we 
say the water has reached boiling point. 
We call the rising of the bubbles 



Walter boilifig at zoo dagreas Cantigrada 


ebullition, which is only another word 
from th<; Latin for iKulmji'. 

Now the exact point at whic.h thc^ 
ebullition bejijins ilepeiids upon the' 
nature of the lif|uid, and it also depends 
upon the pressure* ot the atmosjihere. 
For example, at the ordinary pressure 
of the atmo.sphere at sea level w.atc'r 
boils at loo degrees Centigrade or 
if 2 degrees Fahrenheit. Acetic acid, 
under the same conditions, boils at 117 3 
degree's C., and mercury at 357 <lcgrees 
C, On the other hand, alcohol l>oilH at 
78 4 degrees C., and ether at 34*0 
degrees. 

But if the pressure of the atmosphere 
is different, tiien the boiling point is 
different also. At the top of Mont 
Blanc water boils at 85 degrees C., and 
it is difficult at this height to cook food 
in open vessels. 

Water can be made to lx>il at almost 
any temperature, according to the 
pressure of the air above it. H the 
pressure on the surface be iiicreast'd, 
then the liquid must be raised above 
TOO degrees C. before it can boil. In a 
diving bell 33 feet down water boils at 
about I iq degrees C. 

Men of science carry out an interest-t 


mg ex}M-rimeiit in comiei turn with 
boiling. They place liijuid air in a 
kettle and then stand the kettle on a 
blo( k of ICC, when it at once begins to 
boil. I’hc reason is that the ice is 
intensely hoi when compared with the 
low temperature of the liquiil air. It 
soon raises the lii^uid air to a tempera- 
ture of ~iQO degree.s C. or -310 
degrees Fahr., which is the Ixiiling 
point of liquid air. 



Liquid air boiling at -^zpo dogroet Contigradf 
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ENGLAND WHIPS THE BARBARY CORSAIRS 

Wc little realise in these days the perils of the sea a century and a quarter aijo when the Barbary Corsairs used 
to prey on the shipping of all nations in the Mediterranean, stealing the merchandise and carrying off the 
seamen and passengers to slavery. Here we read how the British took the lead in suppressing these pirates 


F or centuries tlic H.irbary Corsciirs. 
the pirates of Algiers anti othoi 
North African j)<>rts, were the 
scourge of Chrisleiuloni. 't hey preytul 
upon the commerce of all nations, and 
incredible as it may siH-m, cvcmi the most 
powerful of civilised countries paid 
these robbc'rs (A the sea tribute mont^y 
to allow their merchant vt'sstds In 
travel from port to jinrt without 
moh'station. The Barbary Corsairs 
were indeed the gangsters and the 
racketeers <>f the Old \V<»rkL 

But despite tlu* tribute money they 
still preyed upon the shipping, and 
carried off to their fastnesses not only 
the rich inerchamlise ol the nations but 
the people they found on hoard 
Christian slaves were 
a great ])art of the 
w(‘altli of Algiers, 

'l‘hes(.‘ iinlnrtunati‘ 
vdt tiins of the biutal 
and bloodthirsty 
Corsairs were treated 
shamefully, flogged and 
1 r c q 11 e n 1 1 y starved 
and worked to death. 

Ransom Societies 

The only way they 
could be sav(‘4l was by 
the payment of h(;avv 
ransom money, and 
just as there art* ttJ-day 
societies for the pro 
vent ion of criieltv to 
children and to 
animals, so in thos(‘ 
days there w c r e 
societies for the ransom 
and rescue of llie 
Christian prisoru?rs of 
the pirates. 

At last the outrages 
of these African pirates 
became so persistent 
and the tribute upon 
cominerc.e so oppressive that it was 
felt that something must be done to 
break their power and pride;. 

It is an undoubted fact that their 
pride was as great as their power. 
They were most insolent in their 
bearing to powerful Christian countries 
like England and France, and as we 
read the story of this scourge of 
Christendom we are simply amazed that 
the Powers allowed the Corsairs to go 
on so long instead of routing out V eir 
nests on the North African coast. 

Of course, it was the old story ; the 
mutual jealousies of the Cnristian 
Powers prevented them from combining 
and crushing the Corsairs. 


To slu)\v iiow bad the menace \v<is i1 
may be mcMitioned that in tw'o years 
and a halt, up 1o the* end ol iSoo, no 
l('vver than ships and 200 mi'n 
sailing undtT the English Hag wen* 
captiirud by the' Algt'rines. 'I'hc'Se were 
all eng.'igt*d in carrying provisions to 
Nelson’s fleet, a ul yet it was only with 
ditik'ulty that flie English Consul could 
sc'cnre their relc'ase from the' Dc'V or 
ruler of Algiers. 

'I'he pirates oftcni swooped down on 
tlie coasts of Spam and Italy and 
kidnapped the inhabitants, carrying 
th(‘m oif to slaxery. 

\\Ti<‘n a j)articularly imj)()rtant 
pnsoiKi was captured by the piratts 
the Dev would himself purchase 1 lu‘ 


valuable slave and hold him to excessivi* 
ransom. Himdred.s of thousands t)f 
pounds were paid in ransom by the 
civilised Powers for the release of the 
Christian slaves captured on the seas 
The rulers of Algiers became more 
and more insolent, and in February, 
1806, the English Consul wrote home 
to his Government : “‘What I have 
experienced since my stay here has 
literally been a summary of all the 
horrors and indignities that have 
been offere<! to the British nation for 
the last thirty years.” The Consul 
was constantly insulte.l at his house, 
his water supply was cut oHi, and finally 
guards were sent to turn him out. 


S(»me ol the h.uropean Consuls were 
lnMti*d worse tb.m thi.s. When the 
Iribnte mniw'V from Dt'nmark was a 
litlle late in arriving, the Danish Consul, 
who was an admiral, w'as put in chains 
and taken through the street. s to prison 
w'lth irons round his l<‘g that wi'ighed 
upward ol fifty pounds 

In the morning he was smil out wnth 
ttie other Slavics to work in piitilic. 
Only wHuni all the olheT Consuls went 
to the Dt‘V and protested w'as this 
unfoiiimate man relea.s<‘d. His wife 
received such a shock that slu; di(»d 
shortly afterwards 

Wlien the tribute Iroin the Nt'iher- 
lands did not arrive the Dutch Consul, 
who had ludd his post for 23 years, was 
lr(‘ate(l in a similar 
mannei. Alter Ixiiiig 
loaded with heavy 
chains he was sent to 
work at the arsi'iial 
with the other slaves, 
and threats were held 
out that if the tribute 
did not arrive? im- 
mediately his wife and 
children would be 
.seized and publicly 
sold as slaves. 

Presents for Pirates 

This hapfK*ned as late 
as i8f)S. and the other 
Consuls were? unable to 
obtain any mitigation. 
The unfortunate victim 
died from the effects of 
his treatment. 

Yet the monarchs 
and governments ot 
the European coimtdos 
used to send pleasant 
messages and costly 
presents to the Dey of 
Algk?rs. Sir Arthur 
l^aget, for example, the 
British Ambassador to Turkey, called 
at .Algiers on his way to Constantinople, 
to presmt to the Dey a gold snuff-box 
s't with diamonds from his Govern- 
ment. In return the Dey handed to 
the Arnbass.idor two Christian slaves. 

It is amazing that such acts of 
courtesy could be interchanged with a 
gang of rutiians, who heaped indigni- 
ties upon the Consuls and other officials 
as well as upon the subjects of the 
great Powers. 

The first nation to take action was 
the youngest, the newly constituted 
United States. Its government de- 
clared that it would no longer pay 
tribute, and sent a fleet across the 



Unfortunately the baby began to cry when passing through the gate 
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Atlantic whii h thixtitcnoil tlic pirates, 
and after sdiiie and a bloekade 

wrt‘sted a tr(‘aly from the (xjrsan 
{'overninisiit, by which .dl money pav 
m(‘nt was abolished, captives and 
properties n*stored, and immunity 
^iven tr) United States shippin^^. " Not 
a dollar for tribute, but millions loi 
wai ships ” was the slo^’an of the United 
Stall's It was a hue liMtJ to an abased 
Euro])e 

'I hat was in 1S15, and in tlie loHow- 
lU)^ year the ICnj^lish decided that thev 
would stand no more nonsmise (rom 
thf'se nithans ot Algiers, 'I'unis ami 
rti(>oli. 'I'h(‘ Ionian Islands, a chain 
ot about torty islands stretching along 
the west and south 
toasts ot (/rtH'ce. 
had become deptm 
dt'iicies of (ireat 
Britain, but 
although the in 
h a b 1 1 a n t s were 
now British sub 
)ecl:s, the Algerine 
pirates continued 
to prey upon them 
.ind carry them 
olf to slavery in 
North Africa. 

Batly in i8i6. 
therefore, f-ord 
h^xmonth was sent 
on a mission to 
the Barbary Stales 
to insist that the 
Ionian IsLuiders 
should be treated 
as British siibject.s. 

He was further 
< ommissioned to 
bring aliout a 
[j c a 0 e b e t w e e n 
Sardinia and 
Algiers, and to 
utter his serviies to any otliei Metli 
terranean Bowers that might wish 
him to treat with the Dey’s goverri- 
nn'iit on tlioii Ix'hall riie King<loni 
ot the '1 wo Sicilies availed itself ol 
this otter 

in due course, on April isl. Lord 
J'.xmouth with his s<juadron of eighteen 
warships arrived at Algiers, He 
arrang(*d peace iVir the 'J\vo Sicilies, the 
terms being that the Algerian (k)vern- 
nient should receive 24,000 Spanish 
dollars a year, and a regular number of 
presents, and Sicilian subjects thcui in 
cajdivity witc to be? rt-lcased at the 
rate of a thousand dollars a head. Of 
a thousand captivx’S 337 were released 
at once, and sent to Naples on board a 
British transport. A month or two 
later the ransom money. c(>nsisting of 
364,000 Spanish dollars, w'as carriecl to 
Algiers and handed to the Dey. 

Then an arrarigerncuit was made on 
liehalf of Sardinia, her captives, forty 
in number, to be redeemed at the rate 
of 500 dollars a head, and her subjects 
to be placed on the Scimc footing as 
those of Great Britain. 

Finally the inhabitants of the Ionian 
Islands were recognised as British 
subjects, and the Dey undertook to 
release without ransom any captives 


of that nationality that might Ire held 
»n servitude. 

Loid Exmouth had foreseen thal 
th(‘re might be trouble, and .so while 
the negotiations were going on lie had 
onl(‘fvd C'aptain Ward, one of his com- 
manders, to make a plan of the harbour 
and sea defences of Algiers, but to do 
this so .secretly that the pirates should 
get no hint of what was going 011. 

“ Be cautious nevei to have* any sort 
of paper alrout your ])erson,'’ said 
Ivonl Kxmouth, “ that may lead to 
susjiicion.” 

'I'he duty was earned out well, and 
the plans pn'jnired proved very useful 
a little later on. 


ii 


Jaml ICxmoiith sailed from Algiers 
and went to rnnis ami IVifioJi, where 
he imbu ed the rulers ot thosii countries 
known as Bi^ys to abolish the practice 
of ('hiistian slavery altogether. Then 
he went back to Algiers to persuade the 
Dey then* to do the .same. 

But this tlemaiul was indignantly 
lefused. 'Fhe Dey pretended that he 
had doubts as to wlu'ther J^ord JCx^ 
mouth had any authority to makt* such 
claims. He and his govcniment 
became very insolent, and Lord Ex* 
mouth and the British (xjnsul-fkineral 
were insulted in the strec^ts. 

Further Humiliations for Britain 

Soldiers were .sent to the ('oiisurs 
house and seized his liorscs, took 
posso.ssion of the building and treated 
liis family with great rudeness. 'I'he 
Consul's wife, sister and daughter were 
driven into the town on foot in the 
mo.sl ignominious manner, and were 
threatened with prison. 

Two British captains who had gone 
on shore were attacked and dragged 
off their horses. Their hands were tied 
tiehind their backs and they were 
marched through the town to the 
Dey's palace, but on arrival they were 
at once released. 


ivord IC\ mouth .sent messages to the 
Dey urging that the Consul and his 
family slioiild be allowed to retire to the 
rtei't in safety, but the Dey declared 
that this couliJ only be permitted when 
the ransom money for the released 
British slaves arrived. 

At last it was arranged that Algerine 
ambassadors should proceed to Ixindon. 
and also to Constantinople, to discuss 
th(‘ matter in dispute. It must l>e 
explained tliat though to all intents 
and puqioses independent, the LXy and 
lii.s subjects were supposed to be under 
the suzerainty of the Snltan of Turkey 

Lord Kxmouth had no instructions 
to carrv the mattei further ami so 
very reluctantly, 
and feeling the 
humiliation ol tlie 
position for a 
great country Iik(’ 
his own, he sailed 
away witli his 
fleet for F.ngland. 
I hit befoic the 
H fleet left, tin* Dey 
of Algu'rs had sent 
notes seiTctly to 
two other jiorts. 
Bona and Oran. 
wlii'H' the JCnglish 
h a d { V r t a i 11 
trading rights, 
largely lariioii 
out b)' Italians 
under B r 1 1 i s h 
protect ion, and 
ordered the arrest 
of all th<‘ Italians 
there. 

At Bona a large* 
number ot sailing 
boats from the 
Italian coast lay 
ott the harbour, 
and th(‘ii crews wen* on shore {ueparing 
to ( elehrate tia* hsist ol tlur Ascension 
by a high mass. 'I'he priest had donned 
his robes, tlie incense was already rising 
from tlu* censers, when .suddenly a gun 
was tired from the castle. 

A crowrl of furious Jaiii.s.^arios, or 
rurkish soldiers ot a particularly 
rutlianly type, rushed down upon the 
scene, slaughtering the defenceless 
fishermen as they w^ent. A hundred 
persons were murdered and as many 
more wounded, while Hoo were taken 
prisoner. 

TJic British Vice- Consul himself 
would have been killed had he not 
been saved through the personal friemL 
ship which the (Tovernor of Bona had 
for him. 

The British Hag was torn down and 
trampled underfoot, the Vice*Cousurs 
house was pillaged, and although the 
prisoners were soon afterwards released, 
their (‘fleets had been plundered. 

J'his was a little too much. When 
the news reached England there was 
an outburst of indignation, and it was 
determined that the ruffianly Corsairs 
should no longer be negotiated with 
but treated with rigour. 

Lord Exmouth was ordered to return 
at once and use any force he might 



The bombardment of Algiers by the British in 1816. From the painting by M. Bauer 
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deem iKxessary to bring ttiom to sense 
and reason. He sailed on the Quern 
Charlotte as his flagship, a vessel of 
io8 guns, and there were seventeen 
other vessels. At Gibraltar the fleet 
met a Dutch squadron of six vessels 
which solicited permisson to co-operate 
with the English. Permission was 
gladly given, and the united fleet 
arrived before Algiers on August 27th. 

Before this a British troopship had 
been sent to endeavour to bring away 
the Consul-General and his family, but 
the Corsairs had hf‘ard rumours that a 
hostile expedition was on its way and 
the suspicions of the Dcy were arou.sed. 

Tlie Consul’s young wife and hi^ 
daughter by a fonmu* marriage were 
safely smuggled on board disguised as 
niidsiiipmeii. but the wife liad a young 
baby born in the previous year 

‘ As,*' says one historian, " it 
is not customary for young 
gentlemen ot the Royal Navy to 
carry little babies about with 
them, another stratagem had to 
be adopted. 'llie surgeon ot 
the vessel undertoolv to give the 
child an opiate, and as soon a« 
it was fast asleep it was packerl 
in a basket of fruit and vege- 
tables to be carru'd on board as 
provisions. Unfortunately it be- 
gan to cry when passing tlirough 
the Marine (iate, and not only 
it. but the surgeon, three mid- 
shipinen, and the boat’s crew 
of fourteen men \v(‘ie carn<‘d 
])efoi»j the |)f\ 

The Dey Becomes Insolent 

Tli(‘ crew wiTe sent to tlu- 
common prison, but fortunately 
tlu* baby was allowed to jirocecd 
to the troopship - a solitary 
instance, Cord hxiiioiitli le 
marks, of the D(‘y's huniaruU' 

riie Ifntish Consul was kej>t 
in ligorous i oniiiu'uu'nt 'Plu* 
trtxjpship l(’lt for (hbrcdtai, hut 
nu'eting Lonl Kxiiuaith’s fk*el 
on its way to Algiers returned 
with it 

As soon as lie arrived Eord 
KxnuMith sent a boat under a 
flag of truce with a letter to the 
Di^y, demanding that the Consul as 
well as the olticers and men of the 
tnx)psJiip who were in pri.son should 
be released inimiHliately and .sent otf 
to the fleet. He declared in this letter 
that he .should hold tlie Dey responsible 
for any violence or insult that might 
In* offered to tht* prisoners 

The Dcy, however . was insolent, and 
refused either to give up the Consul 
or to promise his p(‘rsoiiai safety, nor 
would he release* the oflictTvS and men 
seized in the* boat of the troopship. 

Then a shot was fire<l at the English 
fleet from the Mole, and other shots 
followed This was promptly returned 
by the Queen Chnrhlte and the Battle 
of Algiers had be^un. It is important, 
for it was the beginning of the breaking 
up of the power of the Algerine pirates. 

The Dutch admiral had taken the 
station assigned to him and joined in 


the attack on the hostile batteries. It 
was one of the fiercest battles of the 
kind that had taken place up to that 
time. The ex|>enditure of ammunition 
by the British fleet broke all records 
The fleet fired nearly 1 1 8 tons of 
powder, 50,000 shot weigliing mon* 
than 500 tons, nearly 1,000 sh(‘lls, 
hivside other missiles known as rcxkets 
and carcasses 

Thousands ot Pirates Slain 

In the British fleet 128 men were 
killed and 0o« wtmnded, while the 
Dutch had 13 killed and 52 wounded. 
Among the pirates the killed and 
wounded are s.iid to have numberetl 
betw(*en O.ooo and 7,000 men. 

Lord Exinouth himself was .slightly 
wounded 111 three places, and his 
telescope was broken in his hand 'Hic 


Arabic interpreter on the Queen Cfun- 
lottc wrote: Alter the battle it was 

iridectl astonishing to sec tiie coat ot 
Ins lordship, how it was all cut up 
by iniisk<*t balls behind, as if a person 
luul taken a pair of scissors and cut it 
all to pieces ' 

'Phe D('y had received his k*sst.)n 
The next day he agreetl to a treaty oi 
fieace rat dying all fornuT conventions, 
agreeing that in the event of future 
wars with any European power none 
of the prisoners should be confined to 
slavery, but treated as prisoners of war 
until exchanged, and that at the end 
of hostilities they should be restored 
to their countries without ransom. 
The practice of condemning Christian 
prisoners of war to slaVery was for- 
ever renounced. 

Lord Kxmouth also insisted that all 
Christian slaves in the dominion of the 


Dcy, no matter to wlial nalioti they 
lielonged, should be at once relea.se(!, 
a nd to this the Corsair chief agreed As 
a result 1,642 captives of a dozc*n 
natif mall ties were sent on boarfl the 
British fleet Among them were 18 
Englishmen. Tliese, with the. captives 
who had been liberatetl just before at 
Tripoli and Tunis by the exertions of 
Lord Exmouth, made a total of 3,003. 

The Dey was also compelled to hand 
back all Ukj sums of money lie had 
received from the Italian states since 
the beginning ol the year, and these 
amounted to 3<)8,5oo Spanish dollars 
Finally, the Dry had to make a public 
apology in the presence of all bis 
ministi*rs and oilici^rs to the English 
Consul, and was ( ompellcd to beg the 
('onsul’s pardon in terms dictated by 
t'aptaiii Brisbane of the* Queen Charlotte 
This unfortunate Consul had 
suflered severely For weeks h(* 
had be(‘n iinprisoni'd aiul given 
only one meal a day On the 
day of the bombardment he was 
dragged lialf naked with his 
han(is tieil behind his back to 
a prison in the town, where Ik* 
was confineil in a flilajii<lat<*d 
dungeon, chains being riveted 
on his wrists and ankles and 
f.istened to a sta])l(* in the wall 
9 

End of the Corsair Rule 

It was Lunoiis that the n*- 
iiioval of the ('onsul from con 
lin(*mi*nt in his owmi hoii.se to a 
prison probably saved liis hit*, 
for not long ailet hr had left 
the house a n umber t)f shots 
passt'd through Ihi* room 
which the Consul h.id l.itt‘I\ 
ot cupit'd 

TliiN bonibaitimrnt sontKk*<i 
the knell ol theCor.sair ruk* .As 
the .Aint'rican Consul who was in 
.Xlgiers during the boinhanhnent 
wiote : " Thr mtjral effrels ol 

the battle wdiich are pcu'cejUibk* 
an* total thst oiiragerneni and 
tltispair on tlie ])art t)l tJu* 
natives, and rage aiul mortitied 
pridt* t)n tliat ot the Purkii 'Phev 
liavt* long cherishetl, and not 
without reason, a l>eiief of their 
siipenoi prtnvt'ss by Uuid and st'a, an<l 
within little more than a year they 
liave st'en the complete practical 
refill .It ion ot both these absuni 
tlit'ories.” The latter st'iilonce rrlers 
to tlie action ol the American fleet tin* 
year before, 

Th(' next year the D(*y was strangled 
by lus soldiers. This was the usual 
fate of the D(;ys of Algiers. Some ol 
them indeed reigned only lor a few 
days before meeting a viofent cieath 
It took another British expedition 
m 1824 and finally the French conquest 
a few* years later before the Barbary 
pirates were reduced to impotence. 
But it is gratifying to know that the 
chief instrument in their downfall was 
the fleet of Lord Exmouth, and that 
when England thu.s acted it acted on 
behalf not only of the British nation, 
but of the whole Christian world 



The Dey had to make public apology to the English Consul 
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THE BEGINNING OF A MIGHTY RIVER 

, ' ‘”‘’v '.V. 



The Nile is the longest river of Africa. Among the world’s rivers it is expw^ed in le^h ^ 

The latter is 4,194 miles long, whereas the Nile is about 4,000 miles. In this photograph we see the bm^ng of Africa s mig^ nw 


Palls. The source 
smaller rivers that 


of the Nile was long a matter of doubt, but its origin was discovered in i85« by John Speke. 

run into the Victoria Nyanza are spoken of as sources of the Nile, but it is ^he lake itself which is the real 


source 
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THE WAY IN WHICH A RIVER BEGINS 

Rivers are of all sizes and vary a great deal in their courses. Some flow steadily and evenly, wjnding about 
as they go, others rush as torrents down mountain-sides, and others cut their way through rocky chasms. 
No matter what the character or size of ♦he river may be, it owes its water to the moisture in the atmosphere. 
Sometimes this falls as rain, and sometimes as snow. Whichever it may be, it eventually finds its way into 

some water-course, as explained here 


A ccriviTs.cveii 
the longest 
and iTiigliti' 
est. have a begin- 
ning, but tile start 
is not always the 
same. Sometimes, 
as in the east* ol 
the Mill', the river 
starts bv a gnsU 
vtihime ol wat«‘r 
pouring out ol a 
lake. In Ibis way 
the Nile originates 
in the great African 
lake, the Victoria 
Nyariza, as shown 
in the picture on 
the opposite page. 

But most rivers 
•slati m other ways 
S(jme bt*gm where 
a glacier ends and 
melts Aglacueris, 
ol (’ourse, a Jrozeii 
river, and so il 
the ice melts and 
{'out m lies its course 
down the mountain 
(^r along the valley, 
the river may be 
said to begin either 
where the melted 
water f>f the glacier 
sUirts pouring 
clown the course, 
or where tlu'gh'u lei 
itself liegins hight'r 
up th(* mountain 
by the snow being 
pressed togidhet 
and set sliding 
down the inoun 
tain-side. 

Then tluTe are 
ri\’ers which begin 
as little .springs 
bubbling out of tlu' 
hillside. The rain 
that falls u 1)011 the 
Karth percolates 
through the soil, 
and when it reach<‘s 
a lav>er of non- 
porous rock 
through which il 
cannot trickle il 
In^gins to run down 
the slope and may 
eventually esca|)e 
as a spring on a hill 
or mountain-side. 
This then cuts out 



A river which owes itt origin to a melted glacier 



A river that starts by the uniting of many little streamlets 



A river beginning with water that pours from a lake 


ii course for ilscll, 
IS joini'd at various 
points by ^ ther 
little stieam.s, till 
evi'iitiiallv a river 
is formed, and 
makes its wav into 
another river, a 
lake, or the sea. 

.Many rivers, how- 
ever, begin in none 
of these w^ays. 
When the rain falls 
the ground water 
which do<‘S not sink 
through the soil 
iinm<‘djately begins 
to run to a lower 
level, and in doing 
.so forms a whole 
s(*ries ol tiny 
.'•Ireamlets. We 
can see this in tlx' 
gardtm after hisivv 
ram. Water 
trickles to the 
li>we.st level in all 
sorts of directions. 
Well, the same 
thing happens in 
t hi‘ oyx'n country 
and gradually the 
hundreds of little 
sti camlets rim 
down until they 
unite and form a 
w a l e r - r o u r s r 
sulticientlv big to 
be dignified viilli 
the luunt' of brook 
or burn. As this 
continues its com se 
otlu'r streams run 
into it, and so tln^ 

1 i\'er is iormed. 

Streams are 
always inoti' nu- 
merous in regums 
where the rainfall 
is plentilul than 
they art* in areas 
where rain iss 'aiee. 
Streams are a w< 11 .m\ 
after rams, but in 
tinujs of drought 
many of the small 
water-courses dry 
up altogether, 1 1 
the land wt>.re per - 
fectly even, the 
water would flow 
not in .streams, but 
as one sheet. 
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THE MEANING OF ISOBARS AND ISOTHERMS 


1 1 IS, in som(‘ ways, a pity that sm h 
lechnical-lookinj' words are used 
by men of sc ience lor quite simple 
ideas. We find examples of this in all 
the scieiiees. «ts when the flower of a 
plant is ealhul an inflon srenei'. 

In the weathiM" report, which more 
and more- people now study, we often 
find the tw'o very Cln'ek-lookmjiT words 
“ isohai " and " isotliorin." 

I’hey are reallv' (pnte simple words, 
and stand tor siinple things which all 
can understand " Iso ” is from a 
Greek word meanin^< “ eipial,’* and 
“ baros ” is a Greek w'ord m<‘anin^' 
’wei/'ht.” “Iso 
bar'* t h c r <• 1 o re 
means “equal 
weight,'* and it is 
simply a line drawn 
on a map connect- 
ing places at wdiich 
the barometer has 
the same average 
height, that height 
being due to the 
w<‘ight of theatrno 
sphere pressing on 
tile baroiuetei. 

For f he purixjses 
of drawing the line 
or isobar, the baro 
meter readings are 
worked out at w haf 
tlioy would be il 
(he places were all 
at sea level. 

“ 1 s o t h e r m ' 
means “equal 
lieat,” “ thermo “ 
being the (ireek 
word tor “ lu'at.” 

Isotherms are lines 
on a map showing 
places which havi^ 
the same average 
annual tempiTa 
til re. 

fhere are othei 
w o r d s us (' d by 
weathm scientists 
m which “iso” is 
used. Isohels, tor 
example, tire lines 
s how ing equal 
duration of sun 
shine, “helios” 
iMung the Gri e 
word for “ sun," 
and isohyets are 
lines showing equal 
amounts of rain 
tall, from “ hyeb^s.” 

1 he (ireek word foi 
“ rain.” 

It IS interesting, 
in studying a 
weather map on 
which isobars are 
marked, to notice 
that there is a 
distinct relation 
lx?tween the wind 
and the isobars. 

The wind blows 
from a region of 
high pressure to 


one of low pressure, and its direc- 
tion is generally round the isobars, 
with the lower pressure on the left. 
The wind is always strongest where 
the isobars are most closely crowded 
together. 

Tn preparing a record of isotherms, 
as in the case of the isobars, many 
readings ari* taken in different parts 
of the country, and from these various 
observations the normal monthly and 
annual temperatures are computed. 

It is interesting to notice on the 
maps how the direction of the isotherms 
varies between summer and winter, 


In January the lines have a mainly 
vertical direction, whereas in July 
they approach the horizontal. 

Temperature varies at different 
heights above the sea level, and in 
order that the observations may be 
uniform in character, the thermometei 
readings are all reduced to what they 
would be at sea level. 

Observations are made by vessels 
at sea, in order that the isotherms 
may be continued from the land on 
to the sea. 

The way in which isotherms vary on 
a map may surprise us. As we know, 
all places with 
the sfime latitude 
receive the same 
amount of heating 
by the Sun, and 
if there were no 
outside influences 
to afloct these all 
the places on the 
same parallel of 
latitude would 
have the ; anu? 
temperature. 'Ihe 
isothermal lin<‘s 
would m that 
case be parallel 
with the rarallt'Is 
of latitude. Hut 
they ar(‘ far from 
this. 

What IS tlu* 
leason for the 
variation ^ 
there are many 
causes, but the 
chief is tlie exist - 
enct* of (M'l'jin cur- 
re n t s 'r h e s e 
curn'ufs depend 
Liyxni the tempei • 
at lire diflenTices 
Ixdween ddlereiit 
parts of the Farth. 
the permanent 
\\ indsof our globe, 
the I'vaporation. 
which is greater 
at some parts ol 
tlu‘ ocean than at 
others, tlie vary 
ing ilegrees of 
saltiu'ss and tho.se 
ol density, the 
Kar til's rotation 
on its axis, and 
the shajH* of the 
coastline Ay 
have their in- 
fluence* in afl(x;t- 
ing the currents, 
and the currents 
affect tlie temper- 
ature. Hound the 
British Isles, and 
in Scandinavia, 
as a result of the 
Gulf Stream drift 
these lands are 
warmed and the 
isothermal lines 
are carried far to 
the north. 



Two maps of the British Isles showing the isobars in January and July, that is the lines 
joining up places of equal barometric pressure, where the baiometer reads the .same 



4 


Maps of the British Isles showing the isotherms of January and July, that is the lines 
joining up places where the thermometer readings are the same 
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WHY A TORNADO IS SO DESTRUCTIVE 



A tornado is the most destructive of all storms, and when one passes it cuts down trees and telegraph poles and fences and houses, 
as though a gigantic scythe had been at work. The tornado is a spiral wind whirling round at terrific speed. It is said that sometimes 
the speed of this rotating wind is as much as 500 miles an hour. The great funnel of spiral wind travels across country at anything from 
twenty to fifty miles an hour. The diameter of the tornado is generally less than a thousand feet, and it leaves behind it a strip of 
devastated country of that width. As the wind whirls round it cuts down everything in its way with strange results. One side of the 
funnel of wind will strike a fence or a plantation and throw down everything in one direction, and then when in its rotation it strikes the 
fence again everything is blown down in the opposite direction. A vacuuih is created in the centre of the whirling wind with the result 
that buildings explode outwards, the pressure of the air in the rooms forcing the walls out into the vacuum. Records for ten years 
show that in the United States the average annual number of tornadoes was 146. In regions where they are likely to occur the people 
in many cases prepare what are known as cyclone cellars, in which they take refuge during the passage of the storm 
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FLYING FILLING-STATIONS FOR AIRCRAFT 




The range of an aircraft is the farthest distance to which it can fly on one load of fuel, 
and the range of any given aircraft is limited by the combined weights of its fuel and payload. 
A civil aircraft’s payload is made up of the weight of its crew, passengers, and cargo ; and 
the payload of a military aircraft is the combined weights of its crew and armament. The 
only way an aircraft’s range can be increased without reducing its payload is by refuelling 
the aeroplane when it is in the air. This is done by the ingenious system of flight refuelling 
developed by Sir Alan Cobham, who realised the need of some such method of increasing 
range when he ‘•stabiished in the 1920s and 1930R an impressive list of long-distance records 





When an aircraft has flown part of its journey and the greater quantity of its fuel is used, 
it is met by a flying tanker which fills its tanks. This can be done in two ways. One is for 
the tanker aircraft to trail from its supply lank a hose having at the end a cone into which 
the aircraft to be refuelled pushes a nozzle, called a probe, mounted in its nose. The 
photographs on the left show the probe of an aircraft needing fuel being manoeuvred into the 
tanker’s cone. Immediately cone and probe are connected, fuel flows from the tanker. 
When his aircraft has been refuelled, the pilot of the receiving aircraft slackens speed and 
probe and cone are disconnected. The photograph at the top of the page shows how three 
fighters can be refuelled simultaneously from one tanker. Below is an illustration ot the 
second flight-refuelling system. The flying tanker drop.s a hose which is taken on board the 
aircraft short of fuel and connected to its empty tanks. This method is for low-speed aircraft 




Wonders oF Animal frPiANT Life 


THE ASTONISHING WORK THE HEART DOES 

Tlie heart is not very big, just about the size of the closed-up fist, yet the work it manages to do in the 
course ot a day is trulv astonishing, as we read in these pages. No machine that man can make compares with 
it in efficiency, but like ail inaclv.ary »t must be treated with care if it is to continue working well 


T hk heart is the nuxst elhcic'iit 
pump that exists anywhere. 
We have seen in another part 
of this book (])age 1031) how it firives 
the blood Ihrotigh every jiart of our 
body, and we niav wonder how lon^ 
It takes ior diiy particular pot t ion oi 
blood to eiiculatc ; that is, how lonj; 
it is from the time the blood heaves the 
lieart to the time it arrives back 
once more. Well, the period occupied 
in the passage of the blood from 
the heart through the arteiies, capil- 
laries and veins, back to 
the heart again, is 22^ 
scronds ; in other words, 
the entire blood oi our 
bodies pas.scs through the 
heart in 224 .si conds. 

To work at tins rate, 
the heart must of necessity 
pc a verv powt'rful pump, j 
rhe whole loice which it 
exerts is etpial to the 
lifting every hour of ] 

nearly two and a half bnis 
a height of one foot ; or, 
lo ])ut it another way. 
the force which the heart 
exerts is capable of lift- 
ing its own weight 11,000 
feet, or over two miles 
every hour. This is really 
an astounding amount of 
work for such a small- 
sizod pmmp to do. 

A Mighty Pump 

An active, powerful man , 
can raise himseli t,ooo 
feed in an hour, and the 
work a locomotivt* «l<»'s 
js ecjual to rai.sing itseli 
nearly 3,000 tc*et in an 
hour.* What a punvthing, 
in piroportion to its size, 

IS a railway engine when 
eomp>are<l to the human 

pumpinK 01 th<> 

heart IS, of course, don<* ^ 

by th(' contraction and 
expansion of the musimlar walls, and 
the comjdete movement lakes less than 
a second. Some people think that 
the heart works without ceasing, but 
this is not the case. It does not, 
however, work continuously for a k)ng 
period and tlien take long rests ; it 
rests in IxJtween its movements The 
whole movement of contraction and 
expansion occupie,s four-fifths of a 
second, but during half this pi'riod 
the heart takes a little rest, so that 
really, through the 24 hours, 1 2 


liours are sj>ent m actual work and 
12 hours in rest. 

When tlu' heart cfintracts — that is, 
VN hen the walls press in, scjuoezing the 
blood out into the aorta, or big arterv - 
the movement is called the svstok', 
a (>r(‘ek word which means “ ion 
traction.” When the walls ex])antl 
and ndurn to their normal position 
<HKe more, the movement is called the 
diastole, which isii(.‘.n‘eU word meaning 
” a drawing asunder.” 

As the walls of the heart move to 



How you may listen to the .sound of your own heart with 
stethoscope, formed from a tob;icco pipe and a length of india- 


and trt) d«img their pumping work, 
we can. d we place cuir ear to a person’s 
che.st, hear two distinct sounds at (‘ach 
bt‘.it of the heart, foUowetl liy a pan.se 
I'he sounds ar<* something like the 
syllables ” lub,” ” du]>,” the first 
sound being low-pitched and pro- 
longed. while the second sou ml is 
high and sharp. We may liear the 
.sounds better if we maki; a simple 
stethoscope for oiir.selv*»s, something 
like that which the doctor uses when 
ho is listening to our heart. The name 


steth(»senj)e is Irorn two Greek words 
meaning ” breast (*xaminer.” 

Buy a cheap cheny-wood tobacco 
pip(‘ and cut the stem in half ; then 
)()in the two ends together by niean.s ot 
a pK‘Ce ol rubber tubing alxmt 15 inches 
long Now' place the Ik)wI of the 
pipe o\er y<nir own heart and the 
mouthpiece of tlie stem in one of your 
ears S'ou will distinctly hear the 

heart at v\<>rk — liTo, ilup, pause ; lub, 
dup, paus(‘, and so on. 

We read on page 1051 what the heart 
is like ; how it Cf)nftists of 

lour chambers, two 

know'll as auricles and 
two as ventricles. When 
the heart is working th<- 
two auricie.s contract at 
exactly the same moment, 
and tlie blood in them is 
forced into the two ven- 
tricles TIkmi the two 
vcsitriclcs contract to- 
gether, and the blood is 
forced into the arteries. 
After that the heart rests 
for nearly half second. 

The Heart anil Its Beats 

The number of times 
the heart beats in this 
way varies in dilferent 
people, in the two sexes, 
ami at different periods 
of life. In the. new-born 
infant the heart beats 
from 130 to 140 times 
per minute When tht‘ 
child is one year old, this 
is reduced to 120 to 130 
per minute; then, a year 
latiT, it is 105, anrl at 
three years of age only 
100. At four the liearl- 
bcats are 07 in the minute, 
and from five to ten years, 
about «>o. At the latter 
age they are generally 
a nome-rnade reduced to about 78, and 

-rubber tubing from the fifteenth year to 

th<; fiftieth they are from 
70 to 72. .\t sixty years of age the 

number of beats in the minute gener- 
ally increases a httlc! to about 74 , 
then, at eighty, the number is reduced 
to alioiit 70. and afterwards gradually 
increase.s to about 80, 

The walls of the arteries are very 
elastic : that is, they can be stretched 
and will return to their former shape 
and size. When the blood pas.scs along 
at each punip of the heart, the arter^^ 
swells' a little and is lifted slightly, 
just as a ganlen hose, lying on the 
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ground, jumps when the tap is 
turned on, or at each stroke of a pump 
that forces water tlirough it. This 
throb in the art<‘ries is called the 
pulse and it can be felt in various 
parts ol the body, a,s in the wrist, 
the temple and the inner side of the 
ankle. We can also feel the heart 
beating il we put our hand on oui 
chest 

I’he normal rate ot the pulse is about 
7! or 72 per minute in a grown person, 
corresponding, of course, to the heats 
of the heart. Hut it is greatly in- 
fluenced by our actions, as well as by 
our age, and it is raised by warmth 
and diminished by cold applied to the 
snrtace of the skin. It increases a 
little when wc‘ are taking food. There 
are, of course, exceptions to the 
nornuil average rate, and healthy 
poisons have been found with pulst* 
rates of only 30 a minute, while in 
others the rate has bet'U as much as 
120 a minute. The pulse in women 


has about eight beats a minute more 
than that in a man of corresponding 
age. 

Phere is no pulse in the veins, as 
the blood, l>eiiig farther from the 
heart's pumping force, is not streaming 
in weaves, but flowing steadily. In the 
aorta the blocxl rushes along at the 
rate ol about 15 inches a second. 
In the arteries it travels along at about 
a foot a second, but in the capillaries 
speed is greatly reduced, and there 
the blood travels at only about an inch 
a minute. In the veins the speed onc<^ 
more increases and flows towards the 
heart at alxiut an inch a second. The 
force with which the heart jnimps the 
blood into the arteries would cause it 
to travel at 200 feet a second if the 
arteries were rigid, like glass tubes ; but 
owing to their elastic nature, so that 
their walls yield, the speed is slowed 
down to a f(>oi a second. 

The left ventricle pumps into the 
aorta, or large* artery, about three 


ounces of blood at each contraction, 
and the pressure in forcing out this 
blood is sufficient to raise a column 
of blood five feet in height. The work 
done is equal to the throwing of a 
three-ounce weight five feet in 
the air, or the lifting of 15 ounces 
one foot. 

The total work performed by the 
heart of an ordinary man during one 
day is <‘qual to the raising of 126,000 
pounds, or over 56 tons, a distance of 
one foot. 

No engine ever devised by man has 
proved anything like so efficient as 
this. 

If 1)3' misfortune we hapjxin to cut 
an artery, the blood flows out ; but the 
flow i^ not uniform and smooth. It 
lakes place . in jerks and tlu'se 
correspond to each beat of the heart 
f urther, the blood spurts out with a 
good deal of force, and this is a pnxif 
that the blood in the artery is under 
considerablc pressure 


THE DINGO OR WILD DOG OF AUSTRALIA 



The dingo or wild dog is the highest type of native animal found in Australia and it exists nowhere else in the world. Some scientists 
think that it is not really a native at all, but must in some way have reached the island continent from Asia. The dingo is about the 
size of a wolf and varies in colour from reddish brown to greyish black. It preys on the farmer's sheep and relentless war has been 
waged against it till, in some districts, it has become almost extinct. The kangaroos have thereupon multiplied, eating the pasturage 

wanted for the sheep, and they in turn have had to be destroyed 
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THE LIFE^TORY OF A GREAT INSECT PEST 



On many apple trees little tufts like cotton wool are seen. These are the work of an insect pest that damages and often destroys the apple trees. 
The insect is known as the woolly aphis or American blight, and it sucks the juices of the living tissue of the bark by putting its trunk or beak 
through cracks in the outside bark. This damages the tree and raises scars and swellings. But the woolly Mhis does not confine its attack to 
the bark. It is found all over the tree, particularly on the roots underground, where it does most damage. The swellings there result in decay. 
The foliage also is infested and becomes yellow and sickly. The life-story ol the woolly aphis is a strange one. During the summer wingless females 
appear and bring forth from two to twenty living young a day. These are concealed in the wool-like threads produced by the body. They feed 
and grow and hibernate in cracks of the bark during winter. In autumn winged females arc produced and Ay from tree to tree. They produce 
from six to twelve young, about half teing males and half females, which mate, and each, female then lays one oval egg nearly as large as her body. 
This hatches out in the spring, and soon colonies of aphides appear surrounded by the woolly growth and the lUe-story begins all over again 
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A POWERFULLY ARMED FISH FAMILY 


T niiRK IS a well-known family ol 
fishes r(‘lci1e<l to the sharks and 
known a'< the rays, which are 
very unpleasant creatures to meet 
The fact that they iiave such nam(‘s 
as deval fish, slnn< ray, thorn -bach 
ray and torpedo or ekrtric ray is a 
f>rool that they arc* not exactly the 
Inends td nuin. 

In the still** r.iv the lon^^ slender 
tail is armed with a lormidable spine 
that has saw likt* edge's. I'his spine is 
often eijy^ht inches in length, and 
Irorn timi* to time it is shed by the 
hsh, which grows a new one in its 
place. J'he .sting ray, ol which there 
are many spectes, is abundant in the 
Indian and Atlantic Oceans, and is 
also found in the Pacific. Fi.shermen 


rnent.s used by the fish to draw its 
prey into its mouth. Thi.s mouth opens 
like a liuge cavern, and as the eagle 
ray swims along it often keeps this 
moutfi open and flaps its sides, thereby 
drawing in many of the smaller cnista 
ceans on which it feeds. 

'J'o c^ipture this monster i.s a danger- 
ous and difficult ta.sk. It can easily 
overturn a boat, and it becomt‘s very 
ferocious, especially it the fi.sh happens 
to be a lernale accomjianied by its 
single offspring. It has a long whip- 
like tail armed witli a long barbed spine 
capable at doing much damage, and 
when it is captured it lash<*s this tail 
in all directions and inflicts a severe 
wound on anybody it may hit. 

One ol the commonest ot the ravs, a 


shock which stuns the foe if it is large 
and kills it if it is small. An electric 
ray measuring only two or three feet 
across th(‘ Ixidy is said to be capable 
ol di.sabling a man by the discharge of 
its electric battery. 

TJiis fi.sh is found from time to time 
in English W'ater.s. Its general shape 
is that of a ray or skate, but its skin 
IS soft, and there arc no spines about 
its body. It is very flabby to the 
touch, and indeed feels like a piec<' 
ol w'etled wash-leather, fhe colour is 
a dark chocolate?. It weighs from 
thirty to forty pounds. The teeth of 
the torpedo are very small, and there 
seems little doubt that its electric 
power is used for killing its prey. 

The electric organs are on eac.h side 



The spotted eagle ray which when captured flourishes its tail in all directions and inflicts serious wounds on anyone it may strike 


sometimes take it off the southern 
coasts of England. 

It is a large fish with a body often 
tliree feet long and a tail of a foot and 
a half. When it la.shcs this tail about, 
the serrated spine Ixscomes a terrible 
weapon, and inflicts very serious 
wounds. One man who is said to 
have stolen a sting ray from a fisher- 
man’s net, mistaking it for a turbot, 
concealed it about his clothes and 
while pressing it close drove the spine 
or dart into his body and killed himself. 

Another of the family known as the 
eagle ray or devil fish, found in tropical 
and temperate seas, grows to a length of 
eighteen feet and a weight of half a 
ton. It has a pair of horn-like attach- 


fish valuable for food, is found in 
British waters and is known as the 
thorn-back ray. This measure.s from 
two to three feet across the body and 
has a tail eighteen inches long. Along 
this tail there are three row.s of stout 
spines, the middle one running up the 
back of the fish, and these can make a 
nasty wound. 

A still better armeil. though rarer 
meml)er of the family, is the starry 
ray, which has formidable thorns all 
over its body as well as down its tail. 

Perhaps the most interesting member 
of the ray family is the electric ray. 
It has a strange method of defence, 
for when it is attacked or excited, with 
its tail it gives the enemy an electric 


of the head, and arc made up of six- 
sided or five -sided prisms something 
like a honeycomb. The prisms are 
divided acros.s at short intervals by 
partitions forming a number of cells, 
and these contain a jelly-like liquid 
consisting of nine parts of water to 
one of albumen. These cells seem to 
correspond to the cells of an electric 
battery. As many as i , 1 82 prisms have 
been counted in a large torpedo. A 
fisherman standing on the wet ^ound 
and pouring a stream of water from a 
bucket on to a torpedo would form a 
circuit through the stream, his body 
and the earth, and would probably 
feel a slight electric shock. 

The current is not continuous, but 
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Many of the fish known as rays are very dangerous, for they are armed with formidable weapons which they do not hesitate to use. 
Here, for example, is the Sting ray. It has a kind of dart with saw-like edges on its tail, and with this it can inflict a very serious 
wound, which often becomes inflamed and may lead to death ln|im lockjaw. The Sting ray grows to a length of about three feet, and 
the tail sometimes measures about two feet. When attackintf i|n enemy the fish twists its long tail round the foe and tears his flesh 
with the serrated spine Fishermen, to protect therxfiefftis from attack, cut the tail off directly they catch the Sting ray 



Here we tee the Starrv ray. which somewhat resembles the Thomback ray, but has far more formidable spines on its back. The spines 
am inflict rery nasty Injuries, especially as the flsh is very muscular and edn lash its tail about in all directions.' The spines are exceed- 
ingly sharp, and there is no doubt that they have been ^developed by the fish like the dart of the Sting r^, as a means of defence against 
enemies. Such defence is necessary, because the ray« have many foes. Another ray, known as the Torpedo or Electric ray, gives an 
electric shock that numbs a human being and kills other flsh, as does the electric eel described in page aaS. 
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flows in a series of waves one hundred 
or more to the second. I'he exact 
origin of the electric current in the 
torpc^do IS still a mystery to scientists. 
Warmth helps the current while cold 
ifxliices it. 'I'he largest species of 
electric ray has about a million c(‘Us in 
its two elcctiic organs. 

After giving a certain number of 
shocks, tlie battery runs out and the 
hsh requin^s rest m order to accumulate 
more ehrtricity. 

Whil(‘ Ihe electric sh(X'k which the 
torpedo is able to inflict is a u.seful 
form of defence. Mr. hVank Muckland. 
the authority on Mntish fishes, has 
stated that his own idea is that the 
tdectnc power is possessed by the fish 
to kill it^ prey. 

1 can .see/’ he says, ‘no oth<*r way 
tliat the pfKir thing has to procure its 
living The teeth of the lorpe<lo arc 
excet*<lingly small and certainly not 
suited to the capture ot any vigorous 
or lively prey : the appearance of the 


fish is that ot a skulking ra.seal : his 
coat IS also mud colour He \h probably 
too lazy to hunt after his own food, 
and doubt Ie.ss remain.s hall asleep in 
th<r mud till soinetliing worth eating 
walks upon him or .swims over him ; 
he then lets fly and gets his dinner 
without much difhi ulty " 

As to the food of the torpedo, 
specimens have been opened. One 
contained an eel two pounds in 
weight, and a flounder of nearly a 
pouiKi, and .mother contained a 
.salmon bet u ecu tour iin<l live pounds 
m weight. 

'I'hc rays are relations of the .skates, 
and have the same geiitTal shape of 
body. An interesting thing about all 
these fishes is the curious form of the 
egg Each egg is of (ibloiig shape, 
something like the wooden tray with 
four handles in which the butcher’.s boy 
carries the mt‘at. From each corner 
project two horn-like pro( (‘sses, and th(j 
total length, not including these liorns 


is about eight inches, the breadth Indng 
three inch(*s. 

7'lie shell of the egg is made up of a 
horn-like substance, and feels something 
like moistened leather, and is known as 
chitin. It is the same kind of sub- 
stance as that which forms the horny 
wings of be<Jtles. One end of the egg- 
shell is closed firmly, but the other 
end. when the young fish inside is 
ready to come out. opens, so that the 
fi.sh can struggle through. At the end 
of the shell, where the door or opening 
is, there are two .strings of the same 
material as the shell, and these inter- 
twine and tangle, and they are used for 
anchoring the egg and at the same 
time they becomi! guy-rope.s enabling 
it to float in the water. 

Directly the fish i.s hatched the empty 
shell floats away and specimens are 
often pickixl up on the shore by seaside 
visitors. Those found on the English 
coast are generally the shells of skate 
t^ggs and an' smaller than the ray's. 


HOW A TREE GROWS AFTER ITS WINTER SLEEP 


U P to H point, all plants grow 
more or less in the same way ; 
that is, by the ccdls multiplying 
and pushing out at the growing 
points of both stem and root. But. 
while many of the plants die off when 
winter coines, and in others the upfK'r 
part ol the plant 
perishes, leaving 
only the root -stock 
ready to put forth 
fresh stems in the 
coming spring, some, 
like the tret's, merely 
sleep through the 
winter and begin 
growing again in 
spring. 

Winter Sleep 

We must reineni 
lx;r that all through 
the summer the tree 
is absorbing moisture 
from the soil which 
pas.ses up througli 
the tissiH* of the tree 
and is given off inU^ 
the atmosphere by 
pores in the leaves 
Plants, lik(* animals. 
liv(' in n constant 
stream of w a ter. 

Now when the win 
ter comes and tlie 
ground is cold and 
sometimes frozen, it 
is very^ dillicult, if 
not impossible, for 
tlie roots to absorb 
any water at all 
Further, the low 
temperature reduces 
their iictivities, so 
that the operation by which the water 
passes from the root to the leaves is 
almost at a standstill. 

Now if through the winter moisture 
were to continue to pass off into the 


atmosplicrc from thi- Ichvis without 
.iny replenishment Ironi the roots, 
the tree would ilry up mid perish. 
Nature provides iigainsl this, ior with 
most of th(‘ trees she arranges ior 
them to shed their leaves m autumn, 
and thus get rid f)f the immense' surface 


through which the moisture passe.s 
into the air. In a sense, the tree goes to 
sleep for the winter and stops growing, 
just as a hibernating animal stops 
growing through its months of sleep. 


In the cast- of evergreen tn'os which 
do not shed their leavt‘S provision is 
made, for those le«ivt‘s linve tough, 
waterproof skins and they are geiieiallv 
small, as in the holly, 1 hymve, and so on. 
The water is tlieri'fore unable to ]>ass 
through them into Uie air. 

Now \N hen th<‘ warm 
suiLshiiK* comes oiu <' 
moil* in spring, and 
the tri'i' bt.'gms to 
grow, whicii part 

grows first '' .\s 

a well-known scien 
tist. Dr. Slossoii, has 
asked, does it fust 
strctcli out itsfingi rs 
m the sunlight, or 
<loes it first let out 
its belt another liok*, 
that is, grow longer 

betore the trunk 

begins to grow biggt*r 
rouml, or is the order 
i>t growth the other 
way about ? 

Growing Branches 

The experts of the 
Carnegie Institute in 
Washington have 
made very cai<*ful 
iind vt'ry exhaustive 
exiX'rinKTits to find 
out the truth about 
this matter. They 
have in.strumerit.s so 
tlelicate that they 
can measure any 
enlargement of the 
tree's trunk to the 
hundredth of an 
inch, and they can 
also measure similar 
minute extensions of the branches and 
twigs. They find that the tips of the 
branches begin to grow weeks and 
often months before the trunk shows 
any sign of enlargement. 



Trees remam quiet through the cold winter and then in spring begin to grow. They 
increase in height and giith and put forth new roots and new shoots. But which 
part begins to grow first ? Men of science have recently discovered that it is the 
shoots that grow some weeks before the trunk begins to increase in size 
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MAKING A DISTANT STAR WORK FOR US 

Man 18 ever achieving greater marvels* but he has never done anything more wonderful than when he used the 
light of a star to operate the switches and light up a great exhibition. The story of this feat is told and 

illustrated on this and the next two pages 


W HiCN the Chicago Exhibition ol 
1933 was opened, the astrono- 
mers and other scientists 
achieved a wonderful triumph They 
caught the light of a star, turned it into 
electricity and sent it a thousand miles 
across country to work the apparatus 
which should switch on the lights of 
the great exhibition- 
The star was Arcturus, th(‘ bright 
star in the con^stellation Hootos. and 
the ray of light whicJi did the work 
startefl on its long journey through 
space during the lime that William 
the Fourth was reigning in England. 

On came this ray of light travelling 
at 186,000 miles per se('ond till at last 
it w^as trapj)ed by a big tclesiopc at 
Harvard University Observatory in 
Massachusetts. It was also caught by 
telescopes in three other universities, 
the Yerkes Observatory at Geneva in 
Wisconsin, the Allegheny Observatory 
jt Pittsburg in l^mnsylvania, and the 
Illinois Observatory at Urbana. 

The star's light was in eacli case 
reflected Ironi the telescope into a 
photo-electric cell where it generated 
a weak current of electricity. Phis 
was aniphftcd sulhciently to op<‘rate 
a telegraph instrument and send a 
message across the land lines to Chicago. 
When the mes.sage from th(' star's 


light through (iatdi observatory hatl 
reached the exhibition a cin uil was 
I'oinplcted and a switch turned on 
which caused the great st'arc.hlight of 
the exhibition tower to shine. 'I'he 
mechanism also turned this light round 
gradually so as to shine upon all tlie 
various buildings, and in these jihoto- 
electric cells changed the light into 
electricity and .^witched on the lamps. 


. Booths 


A '• * 

Arcturus 


Thi ^^lough \ 


The star At# 
Bootes near % 
on the 


|js, in the constellation 
iPlough, which switched 
I the Chicago Exhibition 


Arrangements had Ix^en made af 
lour observatories to (’atcli the light of 
Arcturus m case by any chance ther<' 
should be a cloudy sky over some of 
them The astronomers made more 
than doubly sure of getting theii 
motivii power to light up the (‘xhibition 

Gn tile next two pag(?s Mr. L. G 
Cioodwin shows us in simple form how 
this marvellous achievement was 
brought about. 

Gtmcrally some distinguished person, 
like a king or president, or prime 
minister, o}K*ns an exhibition by 
pressing .1 button, hut in this case a 
star’s light was used for the purpose. 

Man has often made use of the 
Sun's light to work tor him, but thi.s is 
the first timt? that the light from a 
distant star has Ix'cn harnessed ami 
iLsed in such a wonderful way. With 
out a photo-c'lectric cell it would, t>l 
course, have been impossible to change 
the light into electricity, and without 
the amplifiers it would fiave been 
impossible to make the current strong 
enough to work the telegrajdi instrii 
nient. It w*is by the combination ot 
the telescojM'. the photo-electric cell, 
the amplifier, and the telegraph, all 
directed by the marvellous brain ol 
man, that this wonder was accom- 
plished so triunijihantly. 



A general view of the greet exhibition of 1933 at Chicago, with all its lights shining. These were first switched on 1 ^ mechaniam operated 
by a ray of light from the distant star Arcturus, the most rapidly moving star we know in the heavens 
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A GREAT MARVEL OF MODERN SCIENCE: 



On these pages we see in simplified form one of the greatest achievements of modern science. About isto years ago a ray of light 
started out on its vast journey through space from the bright star Arcturus in the constellation Bootes, which appears in the sl^ n<^ 
far from the Plough. One day in March, I933» ray of light reached the Earth. It was caught by a great telescope at Harvard College 
Obi^rvatory in Massachusetts, and being rejected from the large mirror at the end to a small mirror at the top was again reflected, 
so as to strike upon a photo-electric cell. In this cell the light from the star set up a faint current of electricity which was pai^ 
through an ampliher and strengthened. From the amplifier the current passed to a galvanometer in which a mirror caught a light 
focused upon it from a lamp. The current caused the galvanometer mirror to turn and reflect the light upon a second photo-electric 
cell, where a rather stronger current was set up by the light. This current waf passed through a second amplifier where it became 
strong enough to work a telegraph instrument Which sent a message over the telegraph wires for a thousand miles to Chicago, where 
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HARNESSING A STAR’S LIGHT FOR WORK 



an was about to open. By means of a relay, the electric rnes^e switched on a sewiAlight on the exhibition tower and 

turned the searchlight so that it shone upon the buildings in the exhibition grounds. As the light fell upon building in turn 
rShotoSec^ic “ll and set up a current which switched on the ^hts m that budding. TOus, m a short time, Vae whole 
uo hv the wofk doHc bv a distant star's light. To make sure in case of cloudy weather in some districts, 
SlS^S?re. «iiS? Ae 4 WXr^S^^ « electfidty to Chicago. Arcturus is about ^ hundmd mUMon n^lion 

miles away It is the most swiftly moving star that we know, having d sp^ of 257 miles a second, and it is apj^oaclung our J^rth 
etbout five miles a SMond. Its liaht is said to be 1,300 times as bnght as that of our Sun. When the electric hght that 
did the vreat work first left Arctunis most of the people in the civilised countries of the world were using candles to light their buildings. 

STthrone ^^both the Crimean War and the Indian Mutiny were itiU a long way in the future. 
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Some people talk ae though tramways were an obsolete form of tran^ort. But while it is true that the tramcar confined to a railed 
track IS an unsuitable form of s^ehicle for very narrow and crowded streets in large towns, it is still regarded as a very useful and 
convenient form of transport where the conditions do not render the inflexible track inconvenient. The improvements in tramcars have 
been as great in recent years as those in motor*buses, and in ^ts picture we see a type of luxury tramcar in use in Blackpool. It has a 
streamline body, a sunshine roof, an electrical heating i^iparatus for use in winter, doors at the sides, and can travel forty miles an hour 
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THE GREAT SHIELD USED FOR TUNNELLING 

The marvels of machinery are never more manifest than when a great tunnel has to be driven through a 
mountain or under a river or city. Then the great steel shield with various devices for excavation, and hy- 
drauhe rams for driving the shield forward, form together a remarkable illustration of how man has triumphed 
over Nature. Something of the wonders of the tunnelling shield is described below. 

M en have tunnelled in the earth vvateiproot. Brunei had got his idea When the tunnelling is through such 
Ironi very early times. King of the shield and the bricking round material as gravel or sand, which 
Hezekiah, we are told, bored of the tunnel a !5 the work proceeded contains much water, so that there 
through the rocks so as to bring water Irom the teredo, or ship’s worm, is danger of the water rushing in, the 
to Jerusalem, and the Greeks tunnelled which bores its way through the shield is in the form of a cylinder, 
to make a channel for the water supply timlx^rs of wooden ships and lines its which is filled with compressed air, so 
of Athens. Jhc Romans also were great tunnel as it goes with a chalky casing that the water docs not enter. In some 
tunnellcrs, and when we r<?alise how Brunei’s shudd w'its a great success cases the air pressure is as much as 
little they had in the way of machinery and he constructed tlie very first tunnel 48 pounds lo the square inch, or more 
we marvel at their achievement.s. under a river. than three times the. ordinary pressure 

When Marc Isambard Brunei, the Since those early davs of the nine- of the outside atmosphere, 
great French engineer, undertook to toenth (entury the tunncllmg shield 'I'lie tunnel is usually begun at 
bore under the Thames and make a has lK‘en enormously improved. It both ends, and so accurately do the 
roadway between the north and south takes different forms, according to the tunnellcrs work that when the two 
sides of the river, ho invented a great material through which it is to Ixj forced, sec'tioris meet in the middle they ar(‘ 
iron shield divided into compartments. When, for instance, as in the cas(‘ of practic ally in the same line. One 
in each of which a man could work most of the London tulx? railways, the iunnel, for instance, nearly a mile long 
digging out the earth. Ixiring is to be done through clay when the tw^o workings met, was only 

As the digging pr(x:eeded the shield which holds no water, the tunnel has half an inch out of alignment, and the 
was moved forward wliile bricklayers a cutting apparatus m front which ditference in level was only ono-sixth of 
behind cased round the tunnel with cuts away tne clay as the shield is an inch. In another tunnel nearly five 
brickwork so as to make it .strong and forced forward l>y "hydraulic rams. miles long, th(i errors were even less 



A modern typt of head shield used in driving underground tunnels today. Where there is danger of water coming through the men 
work under great air pressure so that the pressure may keep the water out 
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A MOVEMENT OF 95,000 MILES A SECOND 



A cyclotron is an instrument used in atomic 
research to produce streams ot hi^h-s])ecd 
atomic “ bullets " to bombard ai)arliciilar metal 
oi element, and so split and chan^jje its atomic, 
structure. Tlu?sc drawings of the cyclotnui at 
the British Atomic Energy Research Station, 
Harwell, give you .some ulea of the vast size 
ol the iiLstrument. The particles or ions are 
jiroducecl by a discharge of electricity m a gas- 
tdlcd chamber at the centre of the magnet gap. 
The particles then enter the “ 1 ) ” box, where 
tlxc magnet causes them to move in a spiral 
])alh, their speed being increa.sed by applying 
to them twice every revolution an accelerating 
current. During this acceleration, the particles 
travel thousands of miles a second and are 
then discharged at a speed of 05.000 miles a 
second against the target material. During 
their frantic rushing round, the particles emit 
dangerous radiation, and because of this the 
cyclotron is surrounded by thick concrete and 
is operated by remote control. 
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HOW THE CARBURETTER DOES ITS WORK 



These pictures show how the carburetter of the motor-car works and supplies vaporised petrol mixed with air to the cylinders, so that this 
can be exploded to work the pistons. Here the car is at rest and nothing is happening. The petrol is shown in the float chamber with 
the float up, the two pivoted levers having pushed down a needle and closed the inlet from the petrol tank. The throttle is here shown 
closed and no air or petrol is entering the cylinders of the engine. The filter prevents dust and other substances from enterin g the jet 



Here the opening of the throttle causes the engine to set up a suction, drawing in warmed air through the air inlet and petrol through 
the nudn jet. This jet forms a spray compost of minute liquid particles of petrol which, when mixed with the warm air, becomes a 
gas ready for explosion in the cylinder. As the petrol in the float chamber is used, the float tends to fall, carrying with it the weights 
of the pivoM levers, thereby raising the needle and opening the petrol inlet. The petrol can thus enter, so that the level in the float 
chamber remains the same. When the throttle is open only a little the petrol in much smaller quantities is drawn through a slow-running 
shown at the top of l^th pictures and marked in the upper picture. The mechanism in these drawings is simplified for clearness 
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MACHINERY AS A DOMINATING FORCE 


M aciunkry is coniin;?: to b(> more 
and more the dominating force 
in modern life. We all depend 
upon the machine for the things we 
cat, and the things we wear, the 
journeys we make, and ex en (he games 
we play. 

Our homes are made bv machine^>^ 
our food is prepared to a very large 
extent by machinery, our roads and 
public buildings. Ixinks and churches, 
are erected by 
means of machin- 
ery, and it is diffi- 
cult to find anv 
department of life 
into whirl) ma- 
chinery does not 
enter. 

h'veii the author 
uses machinery in 
prodiK'ing his lit- 
erary works, tor 
instead of writing 
them with pen and 
ink. as did Sir 
Walter Scott and 
Charles Dickens 
and John Keats, 
he prints them by 
means of a very 
clover machine 
called a type- 
writer, h^'en when 
he c o r r e c t s the 
proofs lie uses an- 
othei clever little 
machine called a 
fountain pen. 

None of us can 
get awav fnim tlx' 
machine, to-day. 

If, in travelling, 
we decide that we 
will not ride in a 
machine, whetlxM- 
it be a train, or a 
motor-car, and set 
otf walking on the 
roads, wc have 
constantly to be 
looking out to see 
that a machine in 
the form of a car 
or lorry or motor- 
bus docs not 
knock us over. 

The character ol 
the inachinery 
that is used domi- 
nates the style of 
a factory building, 
the shape of a 
motor-bus or car, 
and thi^ outline of a boat. Modern 
flour mills, for example, are tall build- 
ings because the machinery of a flour 
mill is sf) constructed that it must be 
on several floors, the corn or flour as 
it is treated, first by one machine and 
then by another, passing by means of 
gravitation from the top floor to the 
next and then to a lower floor, being 


carried up again for another s<irie> ot 
operations by means of elev^ators. 

The form of a ship depends to a large 
extent upon the nature of the engines 
which drive it. In looking through a 
chart, for example, that shows the 
comparative sizes of the various types 
of mail steamers built for a great 
steamship company between 1840 and 
the present day, xve shall notice that 
the vessels have not only increased in 


length but have changed considerably 
in form. 

Up to 1862 they were paddle- 
.steamers, and so had a v'cry broad l^ieam 
amidships. With the coming of the 
screw propeller at the end of the ship 
and the turbine engine the vessel did 
not thus have to be so broad in pro- 
portion to its length at the centre part. 


A striking example of how the engine 
dominates the form of the ship is given 
in the photograph which appears on 
this page. We have a view lr>oking 
down upon a screw steamer lying by 
the side of a paddli*-steamer. The 
difference in the form amidships is very 
manifest, although paddle-steamers are 
still preferred for some ships, such as 
pleasure craft. 

The domination exercised by the 
machine is shown 
equally on land 
where, owing to its 
i invasion of trans- 
port, roads and 
i>ridges that ha ve 
stood for hundreds 
of years and ha\ e 
been capable of 
carrying all the 
traffic that passed 
upon them, have 
had lol)e rebuilt in 
stronger form, in 
order to support thi' 
heavy vehicles 
that now use thi^ 
roads. 

The typewriter is 
making good hand- 
writing a lost art. 
Ivven cheques aie 
nowfilled-m in large 
establishments l»\' 
a 11 I n g e n j u n 
machine. No longer 
do clerks in hanks 
a <1 <1 11 p Ion;/ 

('ohmms of figures 
till they beconu‘ ex- 
pert at tlu^ work. 
This IS all done 
now mcchanicalh' 
by adding and cal 
culatiiig machines. 

In the home the 
housewife beats up 
the eggs for cook- 
ing with a machine, 
sweeps her carpets 
with a machine, and 
if she does the wash- 
ing at home carries 
this out also by 
means of electric 
inachinery. 

In the various 
trades the old 
skilled craftsmen 
are becoming a 
thing of the past. 
Few apprentices 
now learn to do 
such things as cabinet-making and 
boot-making by hand. Most of our 
furniture and our boots and our clothes 
are made by ingenious machinery, 
almost human in its operation. 

On the farm the cows are milked by 
machinery, the chickens are hatched 
by machinery, the seed is sown 
and the crops harvested by machinery. 



A striking photograph showing the difference in the shape amidships of a vessel that 
is driven by a screw propeller and one driven by paddle-wheels. Paddles are still used 
on some pleasure steamers as they give greater deck space and are very suitable for 
flat-bottomed ships using rivers and other shallow waters. 




WHAT HAPPENS IN AN ELECTRIC CELL 

There arc nrwny different kinds of electric cells, but all are on the same principle. They consist of two 
metal plates immersed in weak acid and the chemical action which results is transformed into electrical energy 
which can be conducted away by means of a copper wire. Sometimes a plate of carbon is used in place of 
one of the metals. Here we read something about electric cells and batteries 


W HAT is Electricity ? Nobody can 
say except that it is a form of 
energy, and the latest dis- 
coveries of scientists suggest that it is 
really the basis of all matter ; or, in 
other words, that the atoms of which 
all substances consist are n^ally made 
up of particles of electricity. 

But although we cannot fully niidcr- 
stand the real nature of electricity, we 
catj ull make use' of it in a variety of 
ways, and few homes in Great Britain 
to-day fail to use electricity in some form 
other. H we do not have electric 
fires and electric-cookers and vacuum 
cleaners and telephones, at any rate we 
have elertri< light or wirele.ss ; and il 
we have nt»ne cif these conveniences we 
probably use a portable flash-lamp, the 
light of which is providt'd by electricity. 

When electricity is wanted on a large 
sc ale, as for driving a railway or lighting 
a city, it is produced by ’a generator 
driv<'n t>y a steam or water turbine ; 


but for various domestic purposes sik h 
as electric bells, wireless .sets, anti so 
on, use batteries or accumulators, 
of which there are many different 
forms, suited to diffctnmt purposes. 

Tht* battery method ol prorhicing 
electricity is too expen.sivc for use on a 
large scale, and that is why we produce 
it mt‘chauically at ])ower stations. In 
a battery the i lectricity is produced by 
ehemical action ; in other words, 
chemkal energy is changed into ekv 
trical (Miergy just as by a generator 
at a power station mechanical energy 
is changed into electrical energy. 

We speak of “ generating " electri- 
city, but, of course, this is not a strictly 
correct term. Klec:tricity cannot be 
generated, for it already exists in the 
structure of all matter. What we do 
by means of a battt*ry or generator is 
to rearrange the jirotons and electrons 
of the atoms, anci cause' them to movi‘ 
in ct'rteiin directions. 


A battery is made up of two 
or more electric cells, and some ol 
the chief forms of (-ell arc shown on 
the next page. The simplest cell 
eonsists of a \es.sel containing an 
acid which acts t hcmically on some 
metal immersed in it, the chemita! 
at'lion being transformed into elec 
Irical energy. 

For example, if a plate of copper and 
another of zinc be placed in dilute sub 
phuf'K' acid, the acid acts on the ziiK 
plate, di.ssfilviiig part of it and pn> 
diicing tdectneal eiuTgy equal to thr 
amount of chemic al energy expended 
If tile two plait s be joined b)' a copfxu 
wire, forming w'hat is called an eleclrn 
circuit, the eleetricity will pass as a 
current along the wire. It is m<*relv 
conducted or guided by the wire, and 
does not pass through it as water do«‘s 
through a pipe. 

All electric cells are on tlii.s principK\ 
tliough different substances an* used 



Here we see what goes on in an electric cell. In the first celt the wires are not joined up and so the circuit is broken. The molecules of sulphuric 
acid, therefore, remain unchanged. Each molecule consists of two atoms of hydrogen, represented as Hji, one of sulphur S, and four of oxygen, O4. 
Directly the wires are joined and the circuit completed, as in the second cell, chemical action begins. An atom of sine combines with the sulphur and 
oxygen atoms of the acid molecule forming sine sulphate and freeing the atoms of hydrogen, which thereupon combine with the atoms of sulphur 
and oxygen in the next molecule, freeing that molecule’s atoms of hydrogen. So the chemical action goes on till we come to the last molecule of add 
in the series. Here there are no sulphur and oxygen atoms left to combine with the liberated hydrogen atoms, and so they collect on the copper plate 
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DIFFERENT KINDS OF ELECTRIC CELLS 



An electric cell consists of two metals, or one metal and carbon, immersed in a liquid which acts chemically on one of the metals, 
the chemical action being transformed into electric energy. There are many different kinds of cell, adapted to different purposes. 
Here we sw some of the more familiar cells used in general practice, with the substances of which they are composed and the positive 
and negative poles marked. The ainc is always the negative pole and the electric current flovrs through the copper wire from the 
positive to the negative pole. Some scientists, however, now say the flow is in the oppo^te direction. Different-shaped vessels are used 
for these cells. In a storage battery (accumulator) there are two sets of lead plates in sulphuric acid. One set is partially 
transformed into lead peroxide by passing an electric current through the cell. So long as the plates differ, the storage battery acts as 
a cell and will supply a current. When it is run down by passing a current through it, one of the sets of plates will again be 
reduced to lead, and the other set oxydised to lead peroxide. Then the storage battery will again act as an electric cell. 
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SOME EASY ELECTRICAL EXPERIMENTS 


O NE ot the great things about elec- 
tricity is its attractive and repul- 
sive power. There are two kinds 
oi electricity, which wc call positive and 
negative, and anything charged with 



A tumbler attracts a feather 


positive electricity will repel anything 
wtiirh IS also charged with the same kind 
of eleetr icily, wiicreas a positively cliarged 
ohj(‘t‘t will attract another oh)<‘ct that is 
(liarged with negative electricity, and vice 
versa, 

A number ol easy experiments will 
make this cleai First let ns generate 
electricity by means of friction and ]iiove 
that although nothing is to be .seen yet 
something has ha}>p<‘ne(l. We lake" a 
Hower vase or a glass tumbler, vvaim it and 
mb it witli a piece of tlry silk. If w(' 
btinga le.athei towaols it we shall find that 
the feather is alt raided to the glass. 

N^ow let ns cut out ot tissiu* f)apei two 
huttei di<‘s. Suspend one by a silk thnwd 
fiom a glass txxl. 'l ake a viileamte rinl-- 
i fountain-pen will do--and rub it with a 
f)icce of dry wool or flannel. The vulcanite 



The paper butterflies which repel and 
attract one another 


by the friction has become charge<l with 
negative electricity. We hold the jien near 
one of the paper buttertlie.s, and it is at 
once attracted, but after a tim<* it parts- 
from the vulcanite rod and as we bring 
this nearer the butterfly recedes. What is 
the reason ? The fact is that the pajicr 
butterfly was first attracted by the elec- 
trically charged rod, but when .some of the 
negative electricity had passed to the 
paper, both being negatively changed, 
repelled one another. 


We can carry out the same experiment, 
using instead of a vulcainie rotl and the 
wool, a glass rod and a piece of silk. Wc 
rub the glass with the .silk, when it becomes 
positively ehnrgr*d. 

Now let ns electrify the paper bufterfly 
wnlh the vulcanite rod, and iinmedialidy 
afterwards bring tlie glass rod to the 
butterfly. At once the positively charged 
glass rod attracts tlie negatively t liarged 
biittiTflv, an<l holds it. 

A\e ran frv' anothei experiment of a 



Strange behaviour of a paper butterfly 
when touched with a fountain-pen 


sitriilai kind. Hang two buttrTflu'.s nj) on 
the glass rod about an inch tiom one 
anothei Klectrify both with the glass rod, 
and th<*y fly apart. Later clcctiify both 
with the viilcapile rod an<l they fly apart, 
fnit electrify ofie positiv'cly wdli the glass 
rod and the i)lher negatively with the 
vulcanite rod, and they attract one another 

Here IS an iiit<Tes|ing expeiimerd of a 
more elaborate kind. lake a lae((uen*(l 
tray about a |r>ol long, (hit out a sheet 
ol thick broPWt| paper which will < ovci the 
level puition, ]|nd slick two bands ol jiajicr 
on<; at each end of the brown ])aper fur 
handles. 

Now stand the tea trav on ghiss tumblers 
to iiLiulatc it. Warm the brown jiapcr, 
and laving it on a wooden table, rub 
bri.skly with a haul elotlics bnisli or 
woollen cloth. Tfien place it on the tray 



A spark from a tea-tray 


by the handles. After a minute or two 
raise it up and let sdinebody bring his 
knuckle or hnger-tip to the corner of the 
tray. A spark will be seen, ft is the 
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electricity jiassing from the ciiarged trav 
to the knuckle, just as a flash of lightning 
passes Iroin one cloud to another, or from 
cl cloud to the Earth. 

Cany out the experiment once more, 



A home-made electrophorus 


ami instead ol putting a knm kle to lh< 
tray, ]>lace the handle ol a sfioon wlucii 
lias been stood in .1 drv glass tuinblei 
three-qu. liters full of small shot .After ;« 
time take' the tumbler away and, holding 
It on one hand, bring the knuckle 01 
fingcr-iiji to the* handle of the spoon 
I'here will be a ciatk and a spaik The 
clei'truitv ol the liay ha.s been colletded 
by the' spoon in tin* tiinibler containing 
.shot, uhi(. li thus forms .\ home-m.ide eler- 
( rofilioriis 

( >ne Tuon* interesting cxp''timent with 
eu'ctiuity i.s the lollowing : T.iki* a slus*t 
of dniwjtig ])aper or brown paper ami la\ 
it on a woodi'ii tabl(\ Hub it witli a 
clothes brush 01 w'oollen cloth. Now 
place a small bunch ol keys in the n'litia 
and raise the pa)>cr by two ('oniers. ft 
.srinicoiie presents Ins finger to the keys a 



A spark obtained from a bunch of keys held 
in a sheet of paper 


bright spaik wall flash iiom the key In lh< 
linger. 

All these experiments are best tried m 
dry weather and it is also important that 
the materials w'e use should be perfeeth 
dry. if they are at all damp the expeii- 
ments will not succeed so well, and perhaps 
they may be altogether a failure. With 
care, however, we shall find that tfie 
experiments are quite easily performed In- 
any boy or girl 




WHY WE KNOW A POUND WEIGHT WEIGHS A POUND 


W HKN WO buy a pound ol apples 
how do wc know that we are 
actually receiving a pound ? 
Well, we sec the tradesman take a 
weight which is marked “ i pound 
and put it in one pan ot the scales, 
and the apples in the other pan, and 
if the two pans balance* we believe that 
we have really rcceivt*d a pound ol fruit. 

But how do we know that tlie weight 
jnarke<l “ i pound " actually W'cighed 
a |)Oiind To some cxt«*nt 
trust the tradesman, and to some 
(ixtont the inspector of weights and 
measures, who we know got's round 
the streets from time to time and 
may call at the tradesman’s shop 
and test his weights with other 
weights which the inspector him 
self possesses. 

1'his, however, only pushes our 
inquiry back a stage farther. What 
reason is there for believing that 
the inspector's weights are actually 
correct ^ Well, this brings ns to a 
long story 

'I'here exists what is known as 
the British Standard Pound, and 
anylxxly who sells gocxls by weight 
in Great Britain must see to it that 
his pound weight corresjxmds with 
the weight of this Standard Pound. 

I'he pound in England has not 
always been the same W'oight . 

At different times then* have been tive 
different kinds of jxainds. There has 
Ixien the pound of 12 trtiy ounces, ot 
5,760 tp !y grains ; the pound ol 1 1 ,] troy 
ounce, s, or 5,4<K5 troy grains ; the jx)unil 
of 15 troy ounces, or 7.200 troy grams . 
the jXHind ol i6 tioy ounces,' or 7,080 
troy grains ; and finally the jKKiiul 
Yvhich we use Ui-day, and whii'h is 
compulsory upon everybody who sells 
gCKxis, namely the pound ol tO avoir 
dupois ounces 

The first ol these was the original 
British pound, and it was ba.sed on the 
Kornan pound, introiluced by the 
Romans during their occupation of these 
islands. This is called the “ troy pound," 
and the name is said to come 
from 'I'ruyes m France. The 
troy pound was used tor weigh - 
ing certain goods right down to 
1878, when by the Weights and 
Measures Act of that year it was 
abolish(‘d. 

The troy ounce, winch was tiui 
twelfth part of a troy pound, has 
never altered, and consists of 20 
pennyweights. At the pre.sent 
time the fiennyweight is divided r, 


was the pound used for coinage. The 
third pound of 15 ounces was used in 
weighing heavy goods, and ceased to 
be a legal weight in Queen Elizabeth's 
reign The fourth pound of 16 troy 
ounces was also used for weighing 
heavy goods. It ceased to tie a legal 
weight in the reign of Queen Elizabeth. 
The fifth pound comix)sed of 16 avoir- 
dupois ounces was made legal by 
Queen Elizabeth as the standard 
rivoirdupois ^xnmd, although it had 
lieen used for some time pre- 
viously. Avoirdupois means 
have weight " and was a term 
u.sed for heavy gcxxis. 

This pound was not divided into 
grains, but it was neiirly equal to 
7.000 troy grains. In 1824 its 
weight was slightly altered so as 
to make it exactly equal to 7,000 
grains, and sint^c 187B it has been 
the only British pound which ma\ 
be used. For weighing precious 
metals troy ounces are alloweil 
and for drugs apothecaries' meas- 
ure is based on the avoirdupois 
pound. 

Now wc come back to tlx* 
question : How does the trades 
man know that he is using th(‘ 
right w'eight ? Well, there is kepi 
in the Standards Department ol 
the Board of Trade at West- 
iniiihU*!* cl piece of platinum ol 
which a picture is given on this 
page. This weighs exactly a pound, 
or 7.000 grains, and it is known 
as the British Standard Pound. It 
IS very carefully guarded. 

In tour other places, the Houses oi 
Parliament, Greenwich Observator}^ 
the Royal Mint and the Royal Swiety, 
what are known as ParliamontaiyM'opies 
of this Standard Pound are preserved, 
and three of these arc tested and com- 
pare<t with one another every ten years 
Thcit in the Houses of rarliamcnt, 
how'ever, is tested only once in twent} 
years. 

Then other exact copies arc sup- 
plied to many towns, and it is b} 
means of thc.se that the weights 
which are made for the use of 
the tradesman are tested. 

Just as there is a Standard 
Pound for weighing things, so 
there is a Standard Yard for 
measuring things which i.s pre- 
served in just the same way with 
the pound. This standard is a 
.solid squiire bar of bronze having 
a section of a square inch. 



into 24 grains, but up to the reign 
of Queen HlizaVwth it was divided 
into 32 grains. The grains in these 
two cases, however, were not the 
same. 

In the early days, l^eforc men had 
decided upon a regular .system of 
weights and measures, they used 
various natural ohjt»cts for measuring 
quantity and size. For instance, they 
used the human foot and the human 
fxilm as measures of length, and the)’ 



The British Standard Pound made of platinum drawn 
to the exact size. On the left it is shown in perspective 
and on the right we sec the base 


used grains of wheat and grains of 
barl(*v as measures of w<‘ight. 

The wheat grain weighed less than 
till’ barley grain, for 32 wheat grains 
balanced 24 barley grains. When there- 
lor(‘ up to Queen Klizahctirs reign the 
|xMmy\veight was divided into 32 grams, 
they were wheat grains, but since that 
lime, with thi* troy ounce divided into 
grains, barley grains are implied. 

'ITh* word " ]>ennyweight " was usHtl 
because the silver penny coined at the 
mint Wits equal in weiglit to 32 grains 
of wlieal taken from the middle of the 
ear, or. as in later <la)’s, equal to 
24 barley grains. 

The siH'ond pound of ii| troy ounces 




A reduced drawing showing the British Standard Yard, which is a bar of bronze with a section of a square inch. The bar is 38 inches 
long, and the Standard Yard of 36 inehes is the distance between the centres of two gold plugs let into wells at each end. Abore is 
the section of the Standard Yard, actual size, and on the right the section where the *wetl is sunk half-way down 
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MAKING LEATHER FROM THE SKINS OF ANIMALS 



Skins of shoep, cattle and other animals arrive at the Then they are placed in a drum fitted To loosen the hair still on the skin it is 
tannery salted to preserve them. They are first of inside with pegs. The drum is revolved treated with a solution of lime and is 
all soaked in water to remove the salt and dirt and the skins become pliable then ready for the next stage 



Softened by the lime, the hair is scraped off with Any odd pieces of flesh or fat are now removed and the skins are washed clean of 
a knife, leaving the skin ready for tanning lime. Then they are steeped in pits of a chemical called tannin made from bark 



Tanning turns the skins into leather. This is now shaved to an even Here women workers are treating the leather with a seasoning 
thickness, dyed, softened in oil and then goes to the staking machines, mixture and it is finally glazed, that is, rubbed with a glass or 
seen here, which stretch and soften it agate cylinder to give it an attractive shine 
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California is an ideal country for fruit-growing, and some of the finest grapes, apples, pears, figs, dates and oranges in the world are 
produced in that state. But occasionally the weather becomes less warm than normal and at night there is a frost, rerv slight, but 
sufficient to ruin thousands of pounds* worth of fruit crops. The orchard keepers, however, have learnt how to fight Jack Frosty and 
they do it in the manner shown in this photograph. They place at intervals in the avenues between the trees vessels containing 
oil with burners attached, and directly the thermometer shows that the danger point for the fruit has been reached they light the flares, 
which produce a sufficient warmth to overcome the frost. The wind disperses the heat so that all the trees are reached. The oil 
used is a cheap crude oil and the apparatus in which it is burned is inexpensive. Sometimes it consists of a round iron pan as in 
the photograph, and sometimes there is a square tank with a pipe leading the oil to a burner over which is placed a smoke stack 
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THE TERRACES THAT DISAPPEARED 

Wc read of the everlasting hills and the mountains that cannot be moved, but the natural features ol the Earth 
can always be upheaved and destroyed by an earthquake or volcanic explosion. One of the most striking 
examples of the changing of a landscape was the destruction of the Pink and White Terraces at Rotorua, in 
the North Island of New Zealand, the stirring storv of which is told here 


S OME of the most beautiful natural 
scenery in the worhi is to be seen 
in the North Island of New 
Zealand. But tlie great(‘st glory of 
that country, the Pink and White 
Terraces, which were described as 
“ the most remarkabk* oi all spots ot 
the earth," disappeared suddenly in a 
night. 

The White Terraces consisted of a 
mass of silica rising like a groat fan- 
shaj^ed flight of alabaster steps to a 
geys(!r at the top. The continual 
trickling of silicated water luid formed 
step after step of this reniarkal)l<! for- 
mation, the silica being dej>osited as 
the water evaporated, thus lormmg a 
seri<*s of basins in which the beautiful 
blue water glistened. It was truly said 
that the White Terraces looked " as if 
a cascade rushing over space had been 
suddenly anested and turned into 
stone." 

The Pink Terraces were almost as 
beautiful, in this cas<* the sapphire 
pools lying in terraced basins with a 


background ol dainty roseate rock. 
1'hese terraci's wme the glory ol the 
Southtun ITi'inisphcre. Then some- 
thing happeiu'd. About midnight on 
June loth, 1886, there was a sliarp 
earthquake, and an hour and a cpiarter 
later a big expkision on Mount Tara- 
w’era, an old voka'io. Halt an hour 
later a great eruption broke out from 
the summit t)f the volcano, a fissure 
oj)ened across the mountain, and red* 
hot masses ot rock were hurled into the 
air to a height, it is said, of eight miles. 

Then there was a great explosion at 
the sitk‘ ot Lake Uotomahana, and a 
huge column ot bku k cloud was hinleil 
Up, the earth lor miles being violently 
shaken. X'olcanii dust and ashes lell 
upon the \'illage close by and crushed 
the houses, killing many of the in- 
habitants. 

Bv halt- past five in the morning the 
eruption w.is over, and the last eartli- 
((uake shoi'k was fell half an hour later. 
It wMs .soim* week3 bef(»r(‘ the rt'gion ot 
tiu* Pink and Whit^ 1'< Traces could be 


ex.imined, for steam was ejected from 
th(* caitli m such iiuantitics as to make 
It iJiqxxs*.ible to go near. When at last 
a visit could be made it was found that 
Lake Rotoinahana had disappeared 
and there was a chasm 515 feet deef» 
on its site. 

Ikit wheie wen* the Pink and White 
1'(Tiac t*s '' Tlu'y were nowhere to bt‘ 
lound. 'I he exjdosion had blowui them 
into fragments and strewn the rock ol 
whie.h they were formed all over the 
district Th(‘ whole area had become 
a dreary n'gion of volcanic ash and 
craters fater, tin* basin that had been 
lonuisl by the explosion under Lakt' 
Kotomahana gradually filled up with 
water till thi*re was a much deepiT lake 
than lormerly. 

In rt‘('(‘nt years it has been suggested 
tliat the 1*111 k and White Terraces were 
luwei (U‘slri)\'ed, but only submerged 
by this lake, and thiue have been pro- 
posals to dram the lake and uncover 
tfu* terraces. Then* seems, however, 
hllle justification tor such a hope 



These beautiful White Terraces of Rotorua in the wonderland of New Zealand were made of glistening white silica displaying iridescent 
colours. Together with the adjacent Pink Terraces, they were blown up and destroyed in a single night by a great volcanic eruption 
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MAKING A MOULD THAT CURES DISEASES 


M ost* ot ns thmk ol mould as an |>enicillin destroys certain bacteria 
unpleasant furry substance outright, some it dissolves, and others 
that grows on stale bread and it prevents from increasing. A curious 
chvvsv Hut to~day one of the most fact is that penicillin only destroys 

effective substances used by doctors healthy and active bacteria and has 
c uines from a mould. little effect on comatose or weak bac- 


For some years Professor Alexander 
J^leming.who later Ixjcame SirAIexander 
I'lerning, had been ex|xjrimentiiig in 
his laboratory at St. Mary’s Hos]jital, 
London, to try to find something that 
would destroy staphylococcus, which 
IS the scientific name for the germ that 


teria ; consequently, penicillin is most 
effective against serious infections. 

Amongst the many di.seases against 
which penicillin is of the greatest value 
are blood jxnsoning, pneumonia, menin- 
gitis, anthrax, and diphtheria. It can be 
given to a ]>atient in any form, except 
by the mouth ; the 




gastric juice.s in the 
body destroy its 
effectiveness if it is 
swallowed. 

At first iXMiicilUn 
was ver^^ difficult and 
exyjensive to pn>duce 
and its use was 
limited. But early in 
tbe I 0 3 9 ~ 4 5 war 
penicillin proved so 
s 11 c c e s s f u I in the 
treatment of wounds 


These two photographs, taken by a camera attached to the eyepiece 
of a microscope, show you what Professor Fleming saw when he 
began experimenting with penicillin. On the left, some penicillin, 
A, has begun to destroy germs, B, responsible for boils ; the white 
spots, C, arc gems which have not been affected by the penicillin. 
On the right are various kinds of bacteria as seen through a micro- 
scope ; I and 2, boil germs, 3, diphtheria ; 4, anthrax ; $, typhoid ,* 
6, colic. The large white blob at the top of the circle is penicillin. 


that its rnamifacture 
was begun on a large 
scale. 

Karly penicillin 
m a n u f a c turo was 
very primitive, and 
in .small (|iiaiitities. 
Today ])enicillin is 


has a lot to do with 
causing bods. One day 
in 1928 he placed on one 
side a dish of gelatin con- 
taining a large number 
of the g e rrn s ; and 
promptly forgot about it. 

I'wo or three weeks 
later. Professor Fleming 
needed a ilish for his 
work and the first that 
came to hand was that 
filled with the gelatin and 
staphyloC(x:cu.s. He wa.s 
about to clean the dish 
out when he noticed a 
mould g r o w 1 n g along j 
one side. | 

Most bactei lolugi.sts 
woidd have been very 
annoyed to find moukly gelatin m their 
laboratories and would have thrown 
It away. i5ut iTolessor Fleming liap 
l>ened to examine the gelatin a htlJc 
closer and to Ins siirjirise found that the 
staphylococcus were disappearing n(*ar 
the mould. 

Professor hTeining now became very 
interested indeed and decided on 
another experiment. He collected some 
of the mould and placed it in a kind of 
broth which had the effect of making it 
multiply. When the broth was tested 
it wa.H fouiul to contain a substance 
which had the property of stojiping the 
growth of the bacteria which cause a 
nil in her of disease.s. 

Further exjxjriments proved that 




Here you sec two ways 
in which doctors give 
penicillin to a patient. 
The woman in the top 
photograph is suffering 
from throat trouble and 
is breathing through a 
mask containing peni- 
cillin. When penicillin 
has to be injected at 
regular intervals, the 
apparatus shown in 
the right-hand photo- 
graph is used. An elec- 
tric clock automatically 
and at fixed times 
moves the piston of a 
pump forcing the peni- 
cillin through a hypo- 
dermic needle. 



made in huge factories, one of which 
can produce 40,000 million doses a year. 

The liquid on which the penicillin 
l)est thrives is obtained by steeping 
corn in huge tanks each holding 12,000 
gallons of liquid. Penicillin mould is 
then *' sown " in the tanks and milk 
sugar added to sfieed up its growth. 
I Inder the old system of using di.shes,the 
mould grew only on the surface of the 
liquid, but in the tank method the 
moukl grows throughout the liquid 
During the growing period, the tempera- 
ture of the liquid must be carefully 
controlled. 

In due course, growth ceases, and the 
liquid from the tank is passed through 
a series of filters until from the original 
12.000 gallons only 15 remain ; but the 
T5 gallons of liquid are pure [x»nicilhn. 
'The liquid is then dried and yields five 
ix>und.s of yellow penicillin f>ow(U;r. 

One of the most curious facts about 
|)enicillin is tliat although it destroys 
bacteria, it is itself very liable to be 
contaminated by certain bacteria al- 
ways present in the atmosphere. Con- 
seipientlv, the pemcillin |>owdei must be 
handled and packed under the most 
hygienic eoiKlitions. 

Persons entering the laboratorie-N and 
packing rooms have to pa.ss through a 
zone of ultra-violet rays, which liave 
the pro|)erty of killing bacteria. Next 
they change their outdoor clothes lor 
sterilised gowns, gloves, and shoos, and 
jnit on sterilised masks. 

Penicillin powder is packed in glass 
bottles, and from ev'cry batch of ro(j 
Ixittles two are sent to the te.sting room 
There tbe ixmicillin is given to mice 
and rabbits, and its action on those 
animals is carefully observed to se<' 
whether it is safe for human u.se. 

Some of the penicillin that passes all 
its tests for purity is sent to hospitals 
and doctors who use it directly in 
powdered or liquid form for the treat 
ment of their j)atients. F*emcillin is 
also supplied to manufacturing chemists 
for making into ointments and lotions. 

Pure {xuncillin must be kept at an 
even, cold temperature, otherwi.se it 
loses much of its goodness. 
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THE CONTINENTS FLOATING ON A SEA OF BASALT 



According to the theory of some scientists, the continents of the world are great masses of solid rock floating on a sea of liquid or 
plastic rock beneath the Earth's solid crust. Just as an iceberg floats in the sea with the great bulk of its mass below the surface, so, 
according to this theory, the land we see is only the top of a rocky iceberg floating , as it were, in a sea of basalt. This picture shows 
the idea in diagram form, and we see what are now the contlnants of North America and Europe when they were nearer together 



In the course of ages, according to one theory, the floating continents drifted farther and farther apart, just as icebergs drift in the 
sea* By comparing this picture with the one above we see how America and Europe are supposed to have parted. On page 731 are 
three maps of the world showing three stages of this drifting of the continents. Just as an iceberg floats because it is of less sMciflc 
gravity, that is less weight for a given volume than water, so these continents float on the basalt because they are of less specific gravi^ 

® M 4 
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WHAT A PLANETARIUM IS LIKE INSIDE 




In Germany and Amenca many big cities have what is known as a planetarium. It is a circular building with a dome, on the inside 
of which a wonderful projector throws points of light to represent the rarious stars in the sky. The projector, which is certainly one of 
the wonders of the world, is operated by clockwork and moTes the points of light in the same way as the stars move in the sky. The 
movements can be speeded up or slowed down, and it is possible to see in an hour the movements of ^ stars and planets for a year 
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SPEEDING UP THE UNIVERSE 

More and more ^ple arc becoming interested in the sky and the heavenly bodies, which form part of the 
great universe of which our Earth is but a very small member. Photographs and orreries are useful and 
interesting, but the most wonderful aid to the study of astronomy, after the observation of the heavens 
themselves, is the planetarium, which is described and pictured in these pages 


M any ol the large cities of Germany 
and America have a building 
known as a planetarium, and 
it is one of the most ingenious devices 
for popular educa- 
tion that haveever 
been invented. It 
consists of a build- 
ing with a large 
domed ceiling, 
sometimes as large 
as ninety feet in 
diameter. Then a 
very complicated 
in.strument, which 
IS almost uncanny 
in its accurate 
working, throws 
upon the dome 
thousands of im- 
ages n^presenting 
the stars and 
planets 

The nwm is, ol 
coursi', darkened, 
and by setting the 
apparatus at work 
the motions of the 
planets and other 
heavenly bodies 
are accurately 
shown on the 
dome. Two pro- 
jectors throw an 
image of the Milky 
Way, and others 
print on the ct?iling 
when necessary 
the names of the 
stars and their 
constellations in 
luminous letters. 

The great ad- 
vantage of the 
planetarium is 
that not only can 
the rising and set- 
ting of the heaven- 
ly bodies be 
shown, but they 
can be speeded up 
or slowed down at 
will, so that what 
lakes place in the 
heavens in 24 
hours can be com- 
pressed into as 
short an interval 
as two or three 
minutes, and other 
motions which 
take a yetir can be 
run through in a 
few seconds. 


Not only so, l)ut the sptjctators who 
sit in the hall l^eneath the dome are 
able to see the heavenly bodies in the 
positions in which they were hundreds 


of thousands ol years ago, and also as 
they will ]ye hundreds of thousands ol 
years hence. 

Ever since men were interested in the 
lieavens they have 
marie devices by 
which the motion!? 
of the Sun Mo<m 
rind planets could 
be shown with 
more or less accur- 
acy. But till the 
coming ol the 
planetarium, the 
models were only 
a |.x)or iTiaI<:c.shift. 
This new device is 
so realistic that it 
IS dithcult when 
sitting Ixitieath the 
dome not to be- 
lieve that onii is 
actually looking 
at the heavens, 
and not at a mere 
representation ol 
them. 

When twelve 
months are corn- 
pressed into a 
space ol two or 
three minutes we 
can see the planets 
following one an- 
other about the 
sky rapidly in the 
sjune paths that 
they follow in the 
tieavcu-s so much 
more slowly 
When a display 
IS given in the 
planetarium an 
iistronomer lec- 
tures and points 
out the various 
planets and stars 
and describes 
them and their 
movements. He 
uses a jHimter to 
indicate any [w- 
ticular stir he is 
describing at the 
time, but the 
pointer is not of 
wood or metal, it 
is composed of 
light, being a l)e<im 
from a powerful 
electric torch that 
can be directed to 
any spot. 




TWO TYPES OF FLYING ARROWHEADS 



Ever since the Wrights built and flew the first practical aeroplane, designers have been dissatisfied with the shape of aircraft. Every 
projection on the wing and fuselage increases drag, or the resistance of the air to a moving body ; and the effect of drag is to reduce 
the speed of the aeroplane. No matter how powerful the aeroplane's engines, there comes a point when the engine must develop a 
power out of all proportion to the extra speed obtained. Therefore it is much more efficient to make the shape of the aerPplane help 
to overcome air resistance. The ideal shape for any body moving through the air is that of an arrowhead, and many aircraft are now 
built like that. An example is shown in the above photograph of the Gloster Javelin fighter, ordered for the Royal Air Force in ipS** 



The Javelin fighter shown in the top photograph comes very near to achieving an arrowhead shape^ but it has a number of a^-restoti^ 
projections, noticeably the engine nacelles and the high fin and tail plane. In the bottom photograph you sm the Avro bomber which, 
when it first fiew in 1951, came most nearly to repeating the dean lines of an arrowhead. The intakes for the four jet 
mounted level with the wing, while the fin and rudder, rising directly from the rear, offer very little air resistance. Aeroplanes with this 
shape of are called delU aircraft. Despite their shape, delto-wing aircraft are easier to fly than are square-wmg aeroplanes. 
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THE BIRTH OF THE RAILWAY 

It 18 to English inventiveness and enterprise that the world owes the railway. Both rails and locomotives 
were English inventions, and it is no exaggeration to say that these have done more to transform the world 
than any other mechanical invention since man appeared. Here is the story of their beginning 


E ven in England in the days before 
railways a village twenty or 
thirty miles from a town was 
practically isolated. Roads were bad, 
transport was difhcnlt, and each little 
community, whether of a town or vil- 
lage, lived a more or less self-contained 
life, knowing little of the world outside. 

North America had boon peopled 
along the coast for several centuries, 
but as stK^n as the railway came the 
whole of the vast country from ocean 
to ocean was sexm opened up. The 
railway followed the pioneer, and main- 
tained the advances that had been 
made. 

Ships might bring tlxi products of 
the ends of the; Earth to the ports, but 
without railways these would never 
have reached the interior parts of the 
country, giving that rich and varied 
existence which was unknown even to 


Godaiming almost to Petworth.*' It 
look a king and a prince six liours to 
travel nine miles on this road. 

Although in the early days of the 
nineteenth centur>" the roads were 
gr<;atly improved, and what were re- 
garded as fast stage and mail coaches 
ran upon them, the discomforts of 
travel were very great. Ther(‘ were 
dreary waitings at roadsides in the 
small hours ol wintry mornings for 
touches which, when they arrived, were 
often full. 

Modern travellers have littk* concep- 
tion ol the discomforts and perils of 
travel only a century and a half ago. 
“ To bo ptTched," says one writer, 
“ for perhaps twenty hours, exposerl to 
all weathers, on the outside of a coach, 
trying in vain to find a soft seat, 
sitting now with the face and now with 
the back to the wind, rain or sun, to 


“ Nor were the inside passengers 
much more agreeably accommodated. 
To be loosely packed in a little, straight- 
backed vehicle, where the cramped 
limbs eould not be in tlie least extended 
nor the wearied frame indulged by any 
change of posture, was felt by many to 
be a distressing experience.** 

The coming of the railway and the 
locomotive changed all this. Even the 
poor can trav(*l in comfort, and as 
rapidly as the rich, and a journey across 
England or from Dmdon to ]‘2dinburgh 
is nothing more to-day than a pleasant 
outing. 

Everyone who travels by train to-day 
and everyone who iinds his post and his 
newspapers and his milk for breakfast 
waiting for him when lie comes down- 
stairs in the morning should take off 
his hat to George Stephenson, the 
genius who made all these amenities 


the wealthy before the coming of 
llu* railway. 

In 1700 it took a week to go 
trom I.ondon to York, and even 
two day.s to reiich Tunbridge Wells, 
which IS now only an hour’s run 
by train from Charing ('ross. 

Difllcult Roads 

In the middle of the eighteenth 
century travelling in ('arriages or 
coaches, except on the main roads 
or near big towns, was practically 
imjxissiblc in winter, and when 
well-to-do jx;rsons went from one 
]>art of the country to another they 
usually had to have additional 
horses attached to their carnages 
to pull them through the mud, and 
sometimes a body of men with 
spades and pickaxes to clear and 
prepare the road or dig them out 
when their vehicles were stuck. 

There is a letter in existence 
from a servant of the Duke of 
Somerset, who had a house at 
Guildford, staling that the Duke 
intended to set out for Petworth 
in Sussex on a certain day, and 
directing that ” the keejKjrs and 
Ix*rsons who knew the holes and 
the sloughs must come to meet 
His Grace with lant horns and long On 
poles to help him on his way.” use 

When the King of Spain and 
Prince George of Denmark 
travelled to London in 1 703 their coach 
was overturned and stuck fast in the 
mire. When it was righted once more, 
we arc told, it would have been upset 
again “if the nimble boors of Sussex 
had not frequently poised it or sup- 
ported it with their shoulders from 



On Saturdays after he had finished work, Stephenson 
used to take his engine to pieces to gain a knowledge 
of its working 


endure long and wretched winter 
nights when the passenger was half 
starved with cold and the other half 
with hunger, was a miserable under- 
taking, and was often Ux)ked forward 
to with no small anxiety by many whose 
business reciuired them to travel. 


iwssible for us. 

— George Stephenson was not the 
inventor of the railway, nor did 
he invent the locomotive, in the 
sense of being the first man to 
think of a vehicle to lx* driven by 
steam. There had been railways 
before the days of Stephenson, and 
tlicre were also locomotives before 
the Eockel. 

Trains Drawn by Horses 

The first railways were for the 
purpo.se of conveying coal from 
the colliery where it was mined to 
the river, where it was loaded into 
ships for transport. In order to 
help the bulky carts to travel more 
easily rails of timber were laid 
down, on which the wheels moved. 
In this way one horse could draw 
four t)r five chaldrons of coal, a 
chaldron being 36 bushels weigh- 
ing a ton and a (luarter. On the 
road without rails the horse could 
draw only one chaldron. 

There were many of those rail- 
roads in the mining districts, and 
then at Colebrook Dale, where the 
first iron bridge in the world was 
erected, an iron railway was laid 
down in 1760. The reason for 
on forming this iron railway is curious 
ige and interesting. 

The price of iron had fallen and 
it could not be made and sold 
profitably. But instead of closing the 
furnaces it was decided to keep them 
at work, cast the iron into plates, and 
then lay these plates on the upper edge 
of the wooden rails until the price of 
iron rose again. Then, in the case of a 
sudden rise in price, the iron plates 
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could be taken up and sold as "pigs/' 
The iron railroad, however, was so 
successful that the platens remained un- 
disturbed, and iron rails were gradually 
adopted in other districts. One iron 
railway in Derbyshire was six miles 
long, and in t8ii there were in SJouth 
Wales i8o miles of iron railways com- 
pleted. On these two horses were able 
with ease to draw a train of loaded 
trucks weighing tons. To move such 
a load on an ordinary road of that 
peri(xl would have required 400 horses. 

In the first year of the nineteenth 
centuiy an Act of Parliament was 
passed allowing for the construction of 
an iron railway for the carritige of 
niert^handise from Wandsworth to 
Ooydon, on the outskirts of London. 

One ordinary horse on a gotKl road 


owners of the tolls would suffer greatly. 
At last in 1821 the Bill pass^. The 
question then arose whether horse or 
steam engines should be used to draw 
the trucks, and George Stephenson, 
who was appointed engineer, strongly 
advocated the use of steam locomo- 
tives. He managed to convince his 
employers, and steam was eventually 
decided upon. 

It was the success of the locomotives 
on the Stockton and Darlington Rail- 
way that Iwl to the rapid development 
of railways all over the country, and 
indeed all over the world. 

Who was this man to whom the 
world owes so much ? Well, George 
Stephenson was undoubtedly a genius. 
He had little to help or encourage him 
in his early days, for his was a hard life. 


prospects seemed so poor lie 

seriously thought of emigrating to 
America, He had not only his young 
son to keep, but also his father and 
mother, his father liaving liecome in- 
capable of work. 

Then he was drawn for the militia, 
and in order not to go away and serve, 
leaving his people uncared for, he had 
to find money to pay a substitute. 

Stephenson was in charge of the 
engine at The KilHngworth Pit, and 
every Saturday after work he used to 
take his engine to pieces in order that 
he might gain a thorough knowledge of 
its working. There was a Newcomen 
engine which went wrong, and would 
no longer do the pumping of the 
colliery. Stephenson took this to pieces 
and putting it together again made it 



Typical trains on the Liverpool and Manchester Railway just after it was opened. The top train is a first class one, the lower a second class 


can draw about 15 hundredweights, 
and a particularly strong horse perhaps 
2,000 pounds. When tl\is Surrey Iron 
Railway was completed twelve wagons 
were loaded with stones till each 
weighed three tons, and a horse was 
abkf to draw them with case a distance 
of six miles in an hour and three- 
quarters. During the journey other 
wagons were added, which did not 
iip|X'ar to diminish the power of the 
horse at all. and at the end of the 
journey the load was found to weigh 
more than 55 ton.s. 

So great was the success of this rail- 
way that it was .suggested that lines of 
rails should lx; laid along tlie sides of 
all the turnpike roads in England. 

As commerce increased tlie neetl for 
better communications and tran.sjxirt 
l)ecame more and more obvious. 'The 
canal companies, feeling that they had 
a mono|X)ly, made extravagant charges 
and were at the same time very in- 
efficient in th(ur methcKls. 

A l>ody of enterprising busine.ss men 
wanted to build a railway between 
Stixkton and Darlington for the car- 
riage of coal, but the scheme had to be 
presented three time.s before it received 
the sanction of Parliament. An 
application in 1818 was defeated by the 
Duke of Cleveland and his friends, 
because the line threatened to interfere 
with one of His Grace's fox covers. 
Road trustees spread a report that the 


Born at Wylam, near Newcastle, on 
June 9, 1781, he was the son of a 
colliery fireman While quite a child 
he went to his first employment, which 
was that of herding cows. Then he 
became a driver to the horses at the 
colliery, and when only fourteen was 
made assistant fireman to his father. 
In the following year he became a fire- 
man on his own account. 

Up to his eighteenth year he was 
unable to read, but at that age he began 
to go to a night sc^diool in order to learn 
to read and write. 

Stephenson Turns Cobbler 

At the ^ge of twenty he became a 
brakesman, that is, the man in charge 
of a winding engine at a colliery. The 
wages were very small, and as Stephen- 
son wanted to get married he earned a 
little extra money by mending boots. 
He did the work very well, we are told. 
The following year he was marriixl and 
then obtaine<.i the post of engineman at 
a colliery. 

He still found it necessary to supple- 
ment his wages, and did this by 
cleaning and repairing clocks and 
watches. His wife died in less than four 
years, leaving him with a young son 
only a little over two years old. 

He went to Scotland for a time, and 
then returned to the Killingworth Pit, 
where he had been employed before. 
Stephenson wanted to get on, but his 
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work more efficiently than it had ever 
done before. As a result he was ap* 
j>ointed enginewnght to his ( olliery, 
with wages of £2 a week. 

This was in 1812. Stephenson was 
now in more comfortable circumstances, 
but he .still tried to improve himsell, 
and he inventtnl a miner's safety lamp 
It is curious that at the very same tinu' 
Sir Humphry Davy also invented a 
lamp. The principle of both wus alike, 
but the num had arrived at their con- 
clusions by iliftcrent path.s. There is 
no doubt that the two inventions were 
independent, and when a national 
testimonial w^as presented to Davy, 
another testimonial was raised for 
Stephenson, and he was presented with 
^r.ooo. 

The need for better transport had 
drawn attention to the question of 
steam locomotion. William Murdoch, 
an assistant of James Watt, had made 
a working model of a steam vehicle m 
far back as 1784. Then four years later 
Richard Trevithick constructed a steam 
carriage which actually ran in Cornwall, 
and was later shown m London. 

In r8ii a locomotive built by John 
Blenkinsop hauled the coal wagons at 
a colliery near Leeds. Blenkinsop had 
no idea that smooth wheels would run 
on smooth rails, and so his locomotive 
train ran on rack rails with cog wheels. 
The whole thing was very clumsy and 
did not work very well. ’ It was con- 
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stantly getting off the rail, and when 
the driver was one day asked how he 
got on, he replied, ' Get on ? We don't 
get on, we only get off ! " Horses then 
had to be sent to drag the wagons and 
haul the engine back to the workshops. 
It reminds one of the early days of 
motor-cars. 

George Stephenson thought a gcxKl 
deal about the matter. He was con- 
vinced that there was no need for a 
rack rail and cog wheels, and supported 
by the owners of his own colliery, he 
built a locomotive in 1813 with smooth 
wheels. When tried it worked v«?ry well 
and drew a train of loaded trucks 
weighing 30 tons up an incline at 
lour miles an hour. 

Sc»on afterwards he t0(,)k out a patent 
tor an improved locomotive, with 
springs and a steam blast. Jfy means 
of the latter the intensity of combus- 
tion was maintained and the production 
of steam increjised, so that the spetjd of 
the vehicle could be kept up. 


At last, on September 27th, 1825, 
the new line was opened. A great 
crowd assembled, and in Darlington 
there was a general holiday. A train 
was drawn up and Stephenson's loco- 
motive was attached. 'Fhert? were six 
wagons loaded with coal and flour, then 
a covered coach containing the directors 
and principal shareholders, then 21 
coal wagons, flited up for passengers 
and all crammed full, and lastly six 
more wagons loaded with coal. In 
front of the train was a man on a horse 
carrying a flag. 

Presently word was given to start. 
The horseman began to trot, and 
Stt‘phenson’s engine puffed while the 
train began to move. 

The story is told of an old lady who 
seeing the engine standing there 
Ixdore the start saiil, “ It’ll nev'cr go," 
and then when it went off, exclaimed, 
" Tt’U never stop i ” ^ 

Stxm the train Ix'gan to get up si>t‘ed 
and some gt^ntlemen on horseback 


It was all this experience* whicli made 
Stephenson reali.se that the traction 
of the future would lie with steam 
locomotives rather than with horses. 

When he obtained tlie sanction of 
the dirc*ctors of the Stockton and 
Darlington line to use steam power 
in the form of a locomotive, ht* set 
to work to improve his earlitfi* 
engines. He had invited the directors 
to Killingworth to see his locomotive 
there. 

The Triumph of Steam 

" Come and see my engines at 
Killingworth," he said, " and .satisfy 
vourself as to the efliciency of the 
locomotive. 1 will .show y<ju the 
colliery lx)oks, that you may ascer- 
taiti for yours<d( th<» actual (ost of 
working, and I must tell you that 
the economy of the locomotive 
engine is no longer a matter of theory 
but a mailer of fact." 



So .satisfied w(‘re the visitor.s wUh i 
the power and capabilitit'S of the 
engines they s^iw that they had no 
hesitation in declaring for steam 
power. 

Three of Stephenson’s lo<’omotives 
were ordered for the new railway, 
and the first of these to be delivered, 
named the Locomotion No. i, weighed 
about eight tons. The combiKstion in 
the furnace was quickened bv the .steam 
blast in the chimney, and the heat 
raised was sometimes so great that the 
chimney became red-hot. 

When the railway wa.s nearly ready 
for opening, a small dinner was held for 
Stepnens^m and his assistants, at which 
Stephenson said : " Now, lads, T 

venture to tell you that I think you 
will live to see the day when railwiiys 
will supersede almost all other methods 
of conveyance in this country, when 
mail coaches will go by railway and 
railroads will become the great high- 
ways for the King and all his subjects. 
The time is coming when it will be 
cheaper for a working man to travel on a 
railway than to walk on foot." 




George Stephetuon’s famous locomotive, the 
Rocket that beat all records 

with the train. .\t a tavourablc part 
of the road Stephenson determined to 
test the speed of his engine, and he 
(.ailed to the hor.seniau with the flfig 
to get out of tlie way. Then Stephenson 
put on steam, and the speed at once 
incroH.sed to 12 miles an hour, and at 
one part of the road to 15. All the 
horsemen were s(X)n left behind, and 
wdien the train triumphantly steamed 
into Darlington Ilwre was loud cheering. 
Locomotion No, 1 had drawn a train 
weighing altogether 90 tons, find carry- 
ing bc'sides the coal and other mer- 
chandise 450 passengers. 

Then the train was rearranged, the 
six loaded coal wagons were left 
behind, and other wagoris containing 
150 more passengers were attached, 
together with a hand of mn.sic. The 


train .started off for Stockton, whicii it 
readied in three hours. 

As a gala ojx^ning day, Septemlwr 
27th, 1825, was a huge success. But 
when the railw^ay stittled down to real 
hard work would it be equally sue* 
ccssful ? 

It w^as s(Km seen that success was 
assured. I hc* conveyance of passengers 
had formed no part of the original 
scheme, but passengers .soon insiste d 
ii]>on being taken regularly, and car- 
riages for their conveyance had to be 
built. 

The great work of the railway, 
how(‘ver, was the conveyance ot 
minerals and gotxls. Stephenson's 
locomotive could draw alter it at llu^ 
rat<* of five miles an hour a train 
wt‘ighing 02 tons, and the rale per ton 
for the carriage of light merchandise 
Indween Stockton and Darlington was 
reduced from 3d. to on(‘-fifth of a jx’nny 
per mile, and tlu' price for the carriage 
of minerals fiom 7d. to i Jd. per ion prr 
inile. COal at Darlington at once h’ll 
in priit* fiom iHs. to 8s, 6d. per ton. 

It was a staggcTing result, and 
peojile began to think there might 
Ih^ something m Stephenson’s pro- 
phecy that railways wen? the tran,**- 
])ort of the future. 

On < ktolxir 20th, 1824, was issued 
tlu* wry first railw^ay pros|w*rtus 
ever drawn up. It was that of the 
Liverpool and Manche.ster Gmipany, 
and slated that railways held out to 
the })ublic not only ti cheaper but a 
far inou* ex|X‘ditious mode (jf con- 
veyance Iban any ytd establisluul. 

A Great Historical Document 

“ 111 the present state of trade and 
of conirnerria) cnierpri.se," .sai<l tlie 
jirospectus, "despatch is no le.s.s 
esstmtial than economy. Mercluindise 
is tre(}uently brought across the 
.\tlauti( from New York to Liver- 
fxxil in 21 day.s, while owing to 
various taus(‘s of delay goexis have 
in sonu* instances been longer on 
their passage from Liver])ool to 
♦ Manchester." 

Then the prospc^ctus went on to 
explain that "coal will be brought 
to market in greater plenty at 
redm (‘d rates , and fanning produce 
of various kinds will find its way from 
greater dislaiices and <it more reason- 
able rates. To the landholders also in 
the \ icinity of the line the railroad 
otters important advantages in extt*n- 
sive market .s for their mineral and 
agricultural produce, as well as in a 
facility of obtaining lime and manure at 
a cheap rate in return. 

" Moreover, as a cheap and ex- 
peditiou.H means of conveyance for 
travellers the railway holds out the 
fair prosperct of a public accommodation, 
the magnitude and imjx>rt.ancc of 
which cannot be immediately ascer- 
tained." 

As a historian has said, this pros- 
pcjctus may be regarded as a great 
historical dexument! 

Wlien th<‘ matter came befiwe a 
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committee of the House of Commons, 
C»eorge Stephenson, who luul lieen 
appointed to make the necessary sur- 
veys for the preparation of plans, was 
called to giv(‘ evidence. VW arc told 
that witli his Northumbrian dialect he 
found it dillicult to make himself 
understood by the Members of l\arlia- 
ment. He himself was convinced that 
the line wa^ jwacticable, and he could 
sav something about locomotives, for 
he had now built .sixteen, but it w^asnot 
so easy to convince a lot of old gentle- 
men in Parlianumt. 

One of the dilticulties ol the proiX)sed 
line was that it would have to pass 
across Chat Mos.s. a stretch of boggv 
territory which, as was explained, 
“ rises in height from the rain swelling 
it like a sponge, and sinks again in 
dry weather." If a boring instrument 
were put into the ground it sank im- 
mediately by its own weight. But 
Steph<‘nson felt sure that he could 
conquer Chat Moss. 

Alter hearing all the evidence Parlia- 
ment rejected the scheme, but another 
attempt was made, and at last an Act 
was obtained. 

George Stephenson’s £1,000 Salary 

George Stephenson was now ap- 
)>ointed principal engineer with a 
salary of ,^1,000 a year. The line was 
almost completed before the motive 
power was decided up<jii. There were 
three propositions, lirst horse power, 
secondly locomotives, and thirdly, 
stationary engines with a rojxj to draw 
the trucks. 

rCvcntually it was decided to use 
locomotives, and all that the most 
optimistic thought was that the trains 
might be made to convey passengers 
at a speed equal to that of coaches. 

The provision ol a suitable type of 
locomotive was thrown open to com- 
petition, and three locomotives were 
entered, one built by George Stephen- 
son called the Rocket, another known as 
the Novelty, and a third the Sa'ns Parcil. 

At last came the great day for the 
testing of the locomotives. A piece of 
railroad was selected which was only a 
mile ancl a half long, and cJich engine 
had to travel the. whole distance back- 
wards and forwards ten times, making a 
journey of thirty miles. A judgt; was 
stationed at each end of the course to 
note the exact time at which the engines 
passed, additional ground lx*ing allowed 
at each end for getting up speed. 

The Sans Pareil when examined was 
found not to have been constructed 
in accordance with the stipulations laid 
down, but it was allowed to take part 
m the trial. On its eighth trip the pump 
billed, and it was oui of the running. 

The Novelty passed between the 
stations only twice when the joints of 
its boiler gave way. Then the Rocket 
was tested, and with a load of 17 tons 
attached performed the distance of 
30 miles twice, the first time in two 
hours and a quarter, and the second in 
two hours and seven minutes. Its 
greatest speed was 30 miles an hour, 
and the average speed 14 


There was no question now’ about 
its superiority, and Stephenson was 
immediately ordered to build the 
engine.s for the railway. 

The Rocket was a great improvement 
on earlier locomotives. In addition to 
the steam blast it had also a tubular 
boiler, so that a very large surface of 
watcjr was in contact with the heat. 
The Rocket also used less than half tlie 
coal of its rivals. 

On Septemlier 15th, 1830, the line 
wa.s opened in the presence of the Duki* 
of Wellington, who was then Prime 
Minister, Mr. — afterwards Sii — Rol>ert 
Peel, the Hom<» Secretary, the Ht. Hon. 
William Iluskisson, a Member of Parlia- 
ment who had been a Cabinet Minister, 



George Stephenson in the days of his 
prosperity 


and a number of other persons of 
importance. 

The first train had 33 carriages all 
packed with distinguished passengers 
and accompanied by a baud of inusiL. 
The train started from Liverpool, but 
while the engines were stopping to take 
in water at Parkside, Mr. Huskisson 
and some other gentlemen strolled 
along the line. As they wen* returning 
to take their .seals another train ot 
carriages came up 

An Unfortunate Beginning 

All ran ior shelter, but unfortunately 
Mr. Huskisson went to the side ot the 
train and opening the door tried to 
enter. The door swung back and hi* 
fell to the ground, when he was run 
over by the other advancing train. 
He was so badly injured that he died 
the same evening, and Hi us a dampiu* 
w’as thrown upon the proceedings. 

The train passed successfully to 
Manchester, but the festivities that had 
been arranged were abandoned owing 
to the gloom occasioned by the tragedy. 

There was a procession of six train.s 
all drawn by Stephenson engines, and 
a Member of Parliament who was 
present wrote some years afterw’ards : 

I know nothing comparable in the 
history of science to that triumphant 
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march, for such it w'as, when the 
Liverpool and Manchester Railway w’as 
opened." 

The railway was a triumphant suc- 
cess. The saving to manufacturers in 
Manchester in the carriage of cotton 
alone soon amounted to £20,000 a year, 
and the passenger traffic, which had 
been calculated at 0,000 a year, 
brouglit in ten times that amount. 

There was now no doubt about the 
possibilities of the railway system, and 
soon there were projects for railways 
in all parts of the country. But there 
was tremendous opposition from various 
classes of people. Some good fX’Ople 
thought it must be wTong to rush 
through the country at 30 miles an hour, 
others disliked suen a dramatic change 
in the methods of transport. 

"J'hen there were the vested interests, 
the owners of turnpikes and stage 
coaches and post-chaises, and the 
breeders of horses. And finally there 
were the landowners, some of whom did 
not want the railways to pass through 
their estates at all, and others who saw 
a magnificent chance of extorting vast 
sums for the smallest privileges. 

The Unenterprising Universities 

We ofUui hear of tlie enterprise ot 
the universities, but in those clays the 
universities of Oxford and Cambridge 
must have had very little enterprise 
and no foresight. When they cotilcl not 
prevent the railway they insisted upon 
the station and the track being placed 
far away from their colleges. Oxford, 
indeed, insisted on the in.sertion in the 
Parliamentary Bill permitting the 
Great Western Railway to be form<*d, ol 
a sjK^cicU clause prohibiting thc^ iornia- 
tion of any branch to Oxford. 

Perhaps we should not be surprised 
at the attitude of these universities, 
seeing that even in these days one at 
least of the colleges at Cambridge will 
allow nothing more modern in the way 
of lighting m its Combination Room 
than, candles, the kind of illumination 
that King Alfred u.scd. 

'fhe mere rumour that there was a 
proposal to bring a railroad within a 
ilozcn miles of a neighbourhood was 
generally sufficient to bring about the 
presentation to Parliament of many 
udverse j>etitionn. Newspapers helped 
in the campaign against railways. 
Householders were warned that their 
homes would be in hourly danger of 
being burned to the ground ; farmers 
were assured that not only would their 
crops be burned by sparks from the 
engines, but that their hens would not 
lay, their cows would not graze and 
their game would fall dead if they 
attempted to fly over the tracks whose 
air was poisoned by the gases exhaled 
from the engines. 

The Poet Laureate wrote in great 
indignation : 

Is there no nook of English ground secure 
From rash assault ? . . . 

Plead for thy peace, thou beautiful romance 
Of Nature ; and if human hearts be dead, 
Speak, passing winds ; ye torrents, with your 

strong 

And constant voice, protest against the wrong 
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Hundreds ot innkeepers and thous- 
ands of horses would, it was declared, 
have nothing to do. VN’ork for the poor 
would be lessened and rates increased. 
Canals would be destroyed, and those 
who earned their living by thein would 
become beggars. Houses would be 
crushed by falling embankments, and 
27,000 miles of turnpike roads in Great 
Britain with other public and cross- 
roads would be rendered useless. 

Medical men asserted that the gloom 
and damp of tunnels and the deafening 
peal ana dismal glare of the loco- 
motives would be disastrous alike to 
body and mind. A distinguished 
Parliamentary lawyer aftirmed that it 
would ItHi impossible to start a loco- 
motive in a gale of wind " either by 
poking the fire or keeping up the pres- 
sure of steam till the boiler is ready to 
burst." 

A well-known engineer denounced 
“ the ridiculous expectations, or rather 
profc.ssioris, of the enthusiastic specu- 
lator that we shall see engines travelling 
at the rate of twelve, sixteen, eighteen 
or twenty miles an hour. Nothing could 
do more harm towards their general 
adoption and iniprov'ement than the 
promulgation ot such nonsense." 

A colonel who was a great opponent 
in Parliament t)f the railways said, 
" 1 hate these infernal railways as I 
hate the devil." 

O n e landownci 
when he died left 
his property to a 
relative with the 
condition attached 
that he " shall not 
at any time travel 
in or Upon the Car- 
lisle and Si Hot h 
Bay Kailway," a 
lino near his home. 

Landowners who 
had expressed the 
hope that a railw.iy 
would run through 
their district, when 
a line w'as pro- 
jected opposetl it, 
as they many times 
admitted, with the 
solo object of ob- 
taining from tlio company a very large 
sum of money for thoir [>crmissioii. 

In one case opposition was bouglit oft 
by a promise ot £ 200,000 to be paid 
w^hen the 1 ail way reached the land- 
owner's neighbourhood. As lime wore 
on the company’s funds became scarce 
owing to trie enormous cost of con- 
struction, and when a Bill was applied 
for in Parliament to release them from 
the construction of this portion of the 
line, the very landowner who had 
opposed the project now fought tooth 
and nail to prevent the company 
from abandoning its operations, so 
that he might not lose his loot. 

Hundreds of thousands of pounds 
had to be spent in compen.satirig these 
landowners. In one case a Member of 
Parliament who had great powers of 
opposition in the House, insisted that a 


railway company should, at a cc^st of 
£^ 0 , 000 , pull down and rebuild his 
house, which was aftlictcd with dry 
rot, and was likely to fall down at any 
minute. On this condition he would 
withdraw his opposition. 

On one occasion when a witness 
enlarged on the injury committed by 
the railway in cutting up a certain pro- 
perty, he was confronted with an 
advertisement ofiering the land for 
sale, which he hiin.Helf had drawn up, 
and which mentioned at some length 
the approach of the railway as adding 
enormously to the value. 

Buying Oft Opposition 

It is largely bccaust^ of these scandal 
ous charges to buy off opposition that 
our British railways arc in such an 
unfortunate position to-day. Millions 
of pounds of thoir capital is represented 
by nothing more tangible than the 
gracious pt‘rmissioii of landowners to 
carry the railways near their estates. 

Sometimes as mucli as 20, 000 was 
given for a liny strip of land, because 
the owaier by his iujfluence could have 
stoj)ped the railway. 

While mentioning these extortions 
it is ])le.isant to relate that a Duke ot 
Bedford, after the lap.se of .some years, 
finding that his estate had benefite<l by 
the railway, returned 50,000 paid 


for land taken by the railway. And Mr. 
Henr)^ Labouctiere returned /,i3,oof> 
to the F.astern Counties Railway which 
his fatlicr hatl received, when he 
found that his property had not 
detcrionited to the extent that had been 
expected. 

The boom in railways led to a great 
mania of speculation such as had not 
been seen since the days of the South 
Sea Hubble. Hundreds of fraudulent 
companies were formed, and one had 
only to draw' a line on a map and call 
it a projected trunk railway, wlien 
thousands of people, from servants to 
peers, would rush forward to invest 
their savings. Millions^ were lost in this 
way, and some of the promoters went 
to prison. 

But nothing could stop the onward 
march of the railways. Before many 
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years there was a regular network cover- 
ing the country, and in the year 1843 
as many as 24 million passengers 
travelled by train. Right through the 
railway era George Stephenson 
remained the hero. He was iievei 
spoilt by success, and his advice and 
help were always sound. 

When a lady one day asked him about 
his past, he replied : " Why, madam, 
they used to call me (*eorge Stephen- 
son , lam now called (ieorge Stephen- 
son, Itsq., of 'J'apton House near 
Chesterfield ; and further let me say 
that f have dined with prince.s, pikers 
and commoners, with persons of all 
classes from the humblest to the 
highest. 1 have dined otf a red herring 
when seated in a hedge bottom, and 1 
have gone thiough the meanc.st 
drudgery. I have seen mankind in all 
its phases, and the conclusion I have 
arrived at is this, that if wc were all 
stripped there is not much difference." 

The bimelits of railways were soon 
manifest. Pt'ns of thoirsands of country 
people w'h(^ had never .seen London 
were able to pay a visit to the capital, 
and thousands of f,oiidoners who had 
never visited the provinces were able 
to <U) so at small cost of time or money. 

Th(‘ food of the metropolis Ix^came 
greatly improved by the ease w'ith 
which supplies of lr(?sh meat and 
vegetables could 
now be brought in, 
and the prict* ot 
coal in London was 
grt'atly rcduce<l. 

Of course, the 
railway* companies 
were in'*! always as 
(» n 1 e r p r i s i n g as 
they might be. 
When ill the. early 
days it was .sug- 
gested that time- 
tables should be 
prepared, a 1 ailway 
director strongly 
opposed the idea. 
" Why," said he, 
"if we publish 
time-tables the 
public will expect 
the trains to run at 

the tnue.s stated ! " 

It is inteiesting to know why the men 
who work fui the railway track an* 
called ‘ navvies." In early days these 
men were lalnjurtTS who had helped to 
make the canals for inlaml navigation. 
Ht'cause of this they were known as 
“navigators," a word later shortened 
to “navvies," and when they began 
making the railway the same descrip- 
tion was used. 

The navvies used to wander from 
place to place, and they wore a kind of 
uniform a white felt hat, a velveteen 
coat, a .scarlet plush waistcoat with 
black spots, and corduroy breeches. 

Other countries quickly adopted the 
railway system, and now there are more 
than three-quarters of a million miles of 
railways in the world. But it was an 
English idea and an English invention. 



Parkside Station, on the Liverpool and Manchester Railway, where Mi. Huskisson was 

killed on the opening day 


HOW REFRIGERATORS USE HEAT TO 
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Sulphur awxid£ gas which has had its pressure 
raised by a compressor pump driven from an 
electric motor passes to a condenser, 
haves the compressor ^ the gas is, of course^ 
relatively hot. The surrounding air is forced 
through the condenser by a fan mounted on the 
motor, and this reduces the temperature of the 
refrigerant, and the gas liquefies. The liquefied 
gas then parses to the evaporator, lohtre it 
absorbs the heat from the food-storage compart'' 
ment, so keeping the latter cold. The liquefied 
gas then passes through cooling coils and again 
becomes a vapour. 


Lagging 


Condenser 


Motor 


Unless a difference of pressure is maintained 
between the umdenser and the evaporator, the 
compressor would merely pump refngirant 
through the refrigerator and no refrigeration 
would result. The necessary pressure difftrenee 
is maintained by a float valve {md shewn here) 
placed f« a liquid receiver near the londenser, 
sufficient liquid gas has collected in the 
receiver, the valve is opened by the rising of the 
float and a quantity of refrigerant is passed 
into the pipe running to the refrigerator. 


Eroporabx' 


Condenser 


The diagram on the rigid shorts tn 
simplified form hou^ the sulphur dioxide 
gas is forced by the pump leading tv the 
evaporator, where it absorbs heat from 
the food storage compart meni and returns 
as a liquid to the condenser, where the 
heat is extracted from it, so again 
turning it inU^ a vapour. The gas is 
then ready to be again circulated through 
the refrigerator. 
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Put your hand inside the cold chamber ol a refrigerator and you hardly think of heat ; but without heat the refrigerator would not be 
cold inside and so keep food fresh. A refrigerator depends upon two things to produce a cold temperature. One is that any gas subjected 
to pressure, that is forcing it into a small space, as in the cylinder of a pump, has its temperature raised, and if the temperature of the 
high-pressure gas is reduced, the gas turns into a liquid. The second principle is that if a liquefied gas is allowed to evaporate it will 
at^rb heat, and this heat turns it back into a vapour. In a refrigerator the liquefied gas circulates through an evaporator and the heat 
necessary to turn It into vapour is absorbed from the food-storage compartment of the refrigerator. In other words, the refrigerant, or 
gas responsible for making a refrigerator cold, does not actually produce the cold inside the refrigerator cabinet, what it does is to extract 
the heat from it The refrigerant or substance responsible for keepii^ the refrigerator cool, must be a gas which when liquefied boils 
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KEEP FOOD IN AN ICY TEMPERATURE 
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In the absorption, or ms-heated refrigerator, a 
strong solutiot\ of amfiwnia and water is heated 
by a pas flame, wkkh boils out the afttmonia 
as a vapour. /♦* row the boiling tube the antmottia 
vapour passes up to a condenser, where it *\ 
cooled by ihi air surrountling the refrigerator 
and turned into a liquid. Then, flounnp Uoum 
from the condenser as a liquid, the ammonia 
meets a stream of hydrogen gas, attd with if 
Passes into the evaporator. There, as tn (he 
compression (rr electric refrigerator, the estapora- 
tion of the ammonia absorbs heat from the food 
to be cooled. In the absorber, the ammonia is 
again absorbed into water and becomes an 
ammonia solution. It is theft driven back by 
the pressure of the hydrogen ready to be boiled 
off by the gas flame, and so begm anothet 
refrigerating cycle. The sole purpose of the 
hydrogen is to provide pressure, instead of by a 
pump, to force the ammonia solution on n*av 
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PARACHUTES AS WEAPONS AND AS LIFESAVERS 



Like autumn leaves falling to the ground, the parachute troops in this photograph have just been dropped from the aircraft that brought 
them over enemy territory. When the soldiers reach the ground they will at once release themselves from their parachutes and go 
into action as infantry to disrupt the enemy’s rear and lines of communication. 



This drawing shows you what happens when the pilot of a damaged aircraft ares himself into the air seated in an ejector parachute. 
The curtain over his face is a protection against the slipstream. In the small inset photograph the parachute has begun to open. 
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HOW THE AIRMAN’S LIFEBELT WORKS 

This article tells you the story of the parachute and how a piece of silk and a few cords make it possible for a man to 
fall thousands of feet without hurting himself when an aeroplane gets out of control. 


I F you let a penny fall from a height 
it reaches the ground very quickly ; 
but let a feather fall from the same 
height and it goes down much slower, 
while a piece of tissue paper larger than 
the feather will fall still more slowly. 
Even if the coin, the feather and the 
tissue paper weighed the same they 
would still fall at far different rates, and 
reach the ground one after the other. 
Why is this ? 

All these objects fell because the 
Earth attracted them, and the force 
that attracted them to tlie ground is 
called gravitation. As the Earth's 
attraction or gravitation on each 
particle of matter is equal, it would 
seem that all bodies, great and small, 
light and heavy, should fall with equal 
sfieed. And were it not for the air they 
would do so. A simple exjieriment 
jiroves that objects having different 
weights and surface areas fall through 
the air to the earth at dilicrent sjieeds. 

If a coin, a feather and a piece of 
paper are placed in a glass tube which 
is connected to an air pump and the 
tube is filled with air, the coin reaches 
the bottom first, then the feather, then 
the paper. But when, with the pump's 
aid, the air is extracted from the tube 
and the tube becomes a vacuum, that 
is, nearly airless, the coin, feather and 
paper fall to the bottom at the same 
time. 

When bodie.s fall in air, they displace 
the particles of air by communicating 
to them part of their own movement. 
The feather and the paper, having a 
larger surface in proportion to their 
mass, part with more of their move- 
ment, becaus<j they touch a larger 
numlxir of air particles, and as a result 
their sj^KJcd i.s slowed down. 

There is a very easy experiment to 
prove that if it were not for the air a 
disc of paper and a coin would fall at 
the same rate. Cut out a disc of paper 
the size of a penny. Now, holding the 
X)enny in one hand and the di.se of paper 
m the other at the same height, let 
them fall together. The penny will 
reach the ground in a straight line and 
much sooner than the disc of pajier, 
which will flutter about and take a con- 
siderable time to make its journey. 

Next place the disc of jiaper on toj) 
of the penny and let them fall together. 
Both will reach the ground at the same 
time. The fjeiiny has acted a.s a pro- 
tection to the disc of xiaper, preventing 
the resistance of the air from acting 
upon the lower face of the paper. 

All this seems rather remote from the 
parachute with which an airman can 
descend safely from a great height, but 
it has an imxxirtant bearing on that 
device. The parachute is a kind of big 
umbrella which, owing to its large area, 


offers a great resistance to the air and 
so with the airman attached to it it falls 
slowly like the disc of x’aper, and not 
rapidly as would the airman without 
the aid of the parachute. 

The parachute is the air traveller’s 
lifebelt and with it the occupants of the 
aircraft can safely reach the ground in 
the event of an aeroplane meeting with 
an accident in flight. In fact the para- 
chute is to the airman what the lifebelt 
is to the sailor. Rut it is a curious fact 
that the parachute was invented before 
men le.irned to fly. 

Leonardo da Vinci (1452-1310) is 
said to have suggested the idea of the 
parachute, but tiie first man to design 



When a piece of paper» a feather, and a coin 
fall in air, they descend at different speeds, 
but in a cylinder from which as much 
as possible of the air has been extracted 
they all fall at the same speed, and reach 
the bottom together, as seen on the right. 
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and use one was a I'rcnchman, Andre 
Garnerin, who x^^^achuted from a 
balloon over Paris in 1797. Garnerin's 
parachute consistefl of a piece of cloth 
stretched over a bamboo framework. 
In 1838, Jifliri Hanix>den, an English- 
man, made an umbrcila-likc parachute 
of canvas with which he safely de.sccnded 
from a height af q.ocx) feet. 

Early Xiarachutes were very clumsy 
affairs and the unfortunate parachutist 
.suffered a great deal of o.scillation, or 
swinging from side to side, as he floated 
to earth, Tliis disadvantage was over- 
come by an American, Thomas Baldwin, 
who in 1 885 made a .silk parachute with 
a hole or vent in the top. Part of the 
upward rush of air against the parachute 
as It descended escaped through the 
hole so that, in eftect. the x>arachute 
slid down a column of comparatively 
still air. 

Parachutes were first u.sed only as a 
foini of entertainment, and towards the 
close of the nineteenth century para- 
chute descent.s were popular spectacles 
at the Cry.stal Palace, London, It was 
not until the I9i4-iv;>i8 war, when 
they were provided for the observers 
in kite balloons, that parachutes were 
used for saving life. These parachutes 
were attached by a cord to the balloon 
basket and were xiullcd out of their pack 
and ox>ened by the weight of the wearer 
as he jumped. 

In 1918 the nuinually-oi>eratcd para- 
chute was introduced for the crews of 
aircraft, but was not officially adopted 



Here you see how a model parachute can 
be made from a square of paper. Fold 
the paper as shown, cut the end round, 
and, after opening it, fasten threads to 
the edge. 

by the Royal Air Force until 1922. This 
tyx)e of xiarachute was in 
standard equipment for all ai 
except when flying jet aircraft. 




The canopy or umbrella of the 
manual parachtite is of pure silk or high 
quality nylon and when oi>ened is 24 


the wearer's belt. The packed para- 
chute weighs 18 pounas. 

When he jumps, the parachutist 
counts three, to give 
him enough time to 
fall clear of the air- 
craft, and then pulls 
the. release ring. This 
jerks the pins from the 
slots in the pack. The 
pack's flap then opens, 
and the small pilot 
parachute, which is 



ieet in diameter, giving a 
surface area of 62 square 
yards. The canopy is made 
lip from a number of small 
‘panels, so that in the event 
of one panel tearing during 


In the top photograph military ^uipment is being dropped by 
parachute from a rear opening in the fuselage of an aircraft 
specially designed to carry cargo. Above, a gun and its am- 
)[>enmg or descent the damage munition limber have safely landed on the ground. Two of the 
will not extend beyond one three parachutes that brought them to earth are still filled with air. 
panel. Evenly spaced 


around the circum- 
I'erence of the cano])y 
<ue 36 .silk cords, 
(ailed shrouds, and 
t hese meet at a point 
some distance l)elow 
the oj)ened canopy, 
where Ihey are 
attached to tlie 
wearer’s harness by 
a ring. On top of the 
canopy is a small 
pilot parachute 
which o])en.s first and 
helps to pull the main 
parachute out of its 
pack. 

(' a n o p y and 
shrouds are folded 
into a pack or 
satchel 18 inches 
square?, which is at- 
tache by long straps 
to a harness passing 
over the shoulders 
and between the 
thighs of the wearer, 
who can carry the 
pack on his bfick or 
ust? it a.s a seat. The 
folded canopy is held 
in the pack by a flap 
of material closed by 
two pins running 
through slots. At- 
tached to each pin is 
a steel wire, called 
the rip cord, con- 
nected to a ring on 
the left-hand side of 



This photograph shows ^ou a pilot in the se^ of an ejector parach^ made by ^e 
Corn! 


Martin-Baker Aircraft 

different 


iy, England. The lettering tells you the names of the 
of equipment and whtt they art for. 
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held in the pack by compressed springs, 
is forced out and drags after if the main 
canopy, which is fully open in i J .seconds. 

As the parachutist falls under the 
effect of gravity, an upward pressure 
of air is created below the canopy and 
causes it to fill with air and spread out 
like an umbrella. The upward pressure 
of air inside the canopy acts as a 
break, and slows down the fall of the 
parachute and the man suspended from 
it. The rate of fall is about 20 feet a 
second, and by pulling on the shrouds 
the parachutist can exercise 
sozne control over the direction 
of his descent. 

During the 1939-"! 945 war, 
parachutes were used to drop 
troops aud ec(uipment on enemy 
territory. Parachutes for this 
purpose arc called the static line 
type. This means that the para^ 
chute, which is smaller than the 
(jther kind, has the rip cord 
attached to the aircraft and is 
automatically opened as the sol- 
dier jumps. By attaching several 
parachutes together it is possible 
to drop without damage heavy 
equipment such as field guns, 
tanks and motor vehicles, and 
even large containers weighing 
several tons and called para- 
tech n icons. 

With the development of high- 
, speed, jet-propelled 

military aircraft, it 
was found that air- 
men ('ornpelled to 
use their parachutev'- 
had difficulty in 
getting clear of the 
aircraft before the 
parach u tc opened . 

Accordingly, th(‘ 
('j ector p a r a c h u t e 
was introduced. In 
this, the airman's 
seat forms part o1 
the parachute and 
runs on rails behind 
him. At the bottom 
of the scat is an ex- 
plosive charge and 
just above the 
airman's head is a 
handle. When he 
pulls the handle he 
draws down a cur- 
tain to protei'.t his 
face against the slip- 
stream, Pulling down 
the curtain also pulls 
a trigger which ex- 
plodes the charge and 
shoots him in hi.« 
seat clear of the air- 
craft at a speed ol 
500 miles an hour. 
At a safe distance 
from the aircraft, the 
seat falls away, and 
the airman then pulls 
the ripcord of an 
ordinary parachute 
and floats to earth. 



BLACK RATS AND BROWN RATS 

Two kinds of rats are {ound In Great Britain, the brown rat, which is the more common, and the black rat. 
Neither of these is really a native of Britain, but both have come to us from the East. They do some good, 
but much harm, and cost us millions a year to keep down. Here we read many interesting things about rats 


A ncient Britain wa^» fret' Irom rats 
but somewhere about tlie time 
of the Cnisades the bliick rat 
arrived in shij>s, and it v^ery rapidly 
multiplied and spread all over the 
country. It l>ecamc; a great pest, be- 
cause of its destructive habits, eating 
up large quantities of food and gnawing 
its way wherever it wanted to go. 

Hut this was not its greatest evil. It 
hart)oured and carricfl 
the microbe ofbul)onic 
plague, and there is no 
doubt that in England 
as in India, the con- 
stant outbreaks of 
plague, such as that of 
the Bli»ck Death in the 
fofirteenth century and 
the Cireat Plagiic of 
1665, were due to the 
black lat. 


from ships. Rats, indeed, .in* great 
travellers. Tluiy soon take jK)ssession 
of a .sliip once they get on board, and 
multiply rapidly, as they do on land. 
To keep them oft we may often .st'e in 
the docKS the rope which mcK^rs the 
ship to the shore fitted with a large 
metal disc* or funnel to prevent the rats 
from travelling up the rope on to the ship. 

'I'he animal is jwiverful swimmer. 



Early in the eigh- 
teenth century, how- 
(‘ver, another s|>ecies, 
the brown rat, was 
introduced, and it 
proved much more 
virile than its relative*, 
tor in fifty years it had 
made its way every - 
when', and by the 
middle of the nine- 
teenth century the 
black rat was almost 
extinct in Great 
Britain 
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Rais from Asia | 

The original home of 
the brown rat was Asia, 
and it was not known ! 
in Western Euroixi 
until 1716. As it ar- 
rived in Britain in 1728, 
during the reign of 
George I, it was said j 
that the Hanoverians 
had brought it into 
England, and it came 
to be known as the 
Hanoverian rat. Others 
said it came from 
Norway, and no doubt FiShtinj rate b 
some did come in ships 
from that country, so 
that it was also called the Norwegian 
rat. Indeexl, its scientific name is Rattus 
norvegicus, which means the Norwegian 
rat. 

The strange thing is that after two 
hundred years the black rat has again 
returned to England and seems to be 
on the increase. It is quite common in 
many districts, and has been introduced 
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Fighting rats by modern methods, that is with poison gas. The 
course, have to wear protective masks while at their 


and large numbers of rats have been 
seen to leave a ship and swdm a con- 
siderable distance to the shore, prob- 
ably in search of food, when stocks 
aboard were exhausted. In London at 
night whole armies of rats, are some- 
times seen travelling across the streets 
on the telephone wires overhead. 

There are some interesting specuia- 


tiojis ils to how it came about that the 
brown rat drove out the black and how 
after so long the black rat has come 
hack and is holding its own. One idea 
is that the brown rat, when it arrived 
on our shores, having had to .struggh' 
more for its existence, was much 
fienor tJian the black rat, and so con 
quered it, just as the Normans con 
quered Saxon Englarul, and that afti'i 
a c('ntury or mort* ol 
life m wr'l! - st<K:kcd 
England the brown 
rat became less fierce, 
while the black rat, 
having had to .struggle 
more abroad, had onct* 
again acquired virility. 
That may or may not 
Ik* the case. 

D r. C h a I ni e r n 
M itche!!, the scientist, 
somt* years ago wrote • 
“ Eacli species has 
It? different apti- 
tiid(*s, rapacities and 
prelen*n(‘es, and eacli 
insinuat(‘s itself into 
the most suitable en- 
vironment . Possi bly 
the extension of sew*ers 
and drains in this 
country has been a 
major cause of the 
greater success of tlie 
brown rat." 

The Two Rats 

The two specie.s ol 
rat are often mi.staken 
for one another, for 
brown rats are found 
which are almost 
black, and black rats 
are seen which are 
quite brown 

The black rat is 
rather smaller than 
the brown, slirnirvcir in 
build, and has a 
sharper nose . 1 ts ea rs 
are larger, and without 
the hair which covers 
rat-catchers, of ^hc brown rat's ears, 
and the tail is longer 
and more slender. In 
the black rat the tail is as long as 
or longer than the head and botly, 
while in the brown rat it is never .so 
long as the head and body, The black 
rat very rarely weighs more than eight 
ounc.es, whereas an adult brown rat is 
anything from fourteen to seventeen 
ounces in weight. Brown rats of two 
pounds are not uncommon, and one 
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has been rccord<*(l which weifi[hefl two 
pounds twelve ounces. 

Of course, lK)th these animals are 
(piite distinct from the water vole, which 
is often erroneously called tlie water 
rat, but is not a rat at all. 

'rhe brown r.it will eat almost any- 
thing, and does not reipjire much per- 
suasion to turn cannibal. It eats game, 
fish, young birds, eggs, frogs, snails, 
truffles, grain, bread, 
potatoes and indeed 
prac t ic ally e v cry t h i n g 
which it can reach It 
IS a wonderfully clever 
animal and two rats 
have bet'n seen to carry 
eggs upstairs. 'I'he 
Keverend J.(i.W(XKl, 
the naturalist, tells us 
that one lies on its 
back and pushes up 
the egg. while the othei 
pulls it on to the st<’p, 
and so they continue 
up the stairca.si; 

'I'hey are also among 
the most cunning of 
animals, and it is very 
difticiilt indeed to 
catch a rat m a trap, 
espet ially if a rat has 
already l>een inside the 
trap. 

A Plague Car/ier 

It is only in recent 
years that mankind 
has realised the menace 
of the rat as a plague 
carrier, and as a de- 
stroyer of foo<i and 
property. Wc now 
have our National Rat 
Week every year, in 
which citizens of all 
kinds unite to reduce 
the numlKT of rats, 
and similar united 
efforts are made in 
other countries, in- 
cluding India. 

No one can say 
exactly what the rat 
IKipulation of Great 
Bntain is, but esti- 
mates based on known 
facts vary l)ctween 
forty millions and a 
hundred millions. It 
can be quite under- 
stood, therefore, what a vast amount 
of fcx>d this voracious army must con- 
sume in the course of a year. 

'I'he smallest estimate of the national 
loss in Britain due to rats is 10,000,000, 
but some estimates by responsible 
people place the loss at ;f7o,ooo,ooo. 
The latter figure is the calculation of 
the Ministry of Agriculture. 

'riie loss caused by rats does not con- 
sist only of the food they eat and the 
damage they do to property by gnaw- 
ing holes in floors and walls, but in the 
great cost of buying and setting traps 
and poison baits, and in the ammunition 
used in their destruction. 

Hats are often very wanton in the 


destruction they do. A year or two 
ago the Editor plact^d four thousand 
pears that had been gathered in his 
orchard in the cellars, .spreading them 
out on the floor, and in one night the 
whole of the.se pears had been damaged 
by rats. They had not eaten the fruit, 
hut had merely nibbled the pears so 
that they lieaime uneatable, and had 
to 1 )(‘ u.sed for manure. Not a single 


one of the thousands of pears was left 
untouched. 

In London and other larg(' cities a 
vast amount of damage is done in 
shops and warehou.ses to grxxls other 
than food —hats, furs, clothes, boots, 
drapery and so on being nibbled and 
torn. In one city warehouse during a 
single night wwth of silks weni 
destroyed by rats, and in anotluir they 
attacked a hundred -guinea fur cotit in 
order to get the material to line their 
nests. 

'I'he animals are very courageous, 
and will often put up a good fight even 
against ferrets. The official rat catcher 
to the Bank of England and several 
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London boroughs tells us that in a 
building near Holboni be saw nearly 
fifty rats bolt, and he set seventeen 
ferrets after them. Then a very 
unusual thing happened, for the rats 
turned upon the ferrets, wounded most 
of them, and eleven were laid up for 
five weeks. A twelfth was bitten in 
32 places, and died within 48 hours. 

Armies of rats are often seen in the 
country cro.ssing the 
roads. Not long ago 
two men were walking 
along a road on a moon- 
light night when they 
saw a mass of rats 
coming towards them. 
If they had attempted 
to frighten the rats or 
pass through the host 
they would probably 
have been killed, but 
they went quietly to 
the' side of the road, 
climl)ed on a gate, ancl 
sat there motionless 
while thousands of rats 
passed by. 

Motorists often kill 
rats on the roads at 
night. It is .sometiiTK^s 
said that the light 
dazzles the rat so that 
it runs under the wheel 
witliout knowing what 
it IS doing, but what 
r(‘ally happuis is that 
the rat, being alarmed, 
runs to the wheel to 
take slielter and thus 
gets killed. 

A Rat’s Progeny 

The rat multiplies at 
an alarming rati\ One 
female during a year 
will produce five or six 
litters, each of from 
eight to a dozen young 
rats, and before the last 
litteTS are born the first 
have ihcm.selves btv 
come parents. It is 
estimated that a pair 
of rats with six litbTs 
of eight in a year 
would, with equal sexes 
and no dtjaths, be repre- 
sented by 880 at the 
end of the first year 
in the course of five 
years the single pair would have pro- 
duced hiindrecl.s of millions of descen- 
dants. 

Of course rats do some good, although 
it is far outweighed by the evil. They 
arc scavengers, and if the whole race 
of rats were suddenly wiped out we 
might be in difficulties But it is the 
duty of every citizen to do all he 
pos.sibIy can to keep down the numbers, 
and an Act of Parliament passed in 
1919 makes it a punishable oftence to 
harbour rats or to neglect to destroy 
them. It is only by a united effort 
that the great rat menace can be met 
and the numbers that prey on our 
property de.stroyed. 



The head of the black rat with its pointed nose is seen on the left, and that of 
the brown rat on the right 


'tP 



Rats cross the streets of London by the overhead telephone wires and go 
aboard ships in dock by the mooring ropes. To keep them off the ships metal 
shields are placed on the ropes, as shown here 


THE RELENTLESS WAR AGAINST THE RATS 



If man were to cease his warfare against the rats, these animald #ould multiply so rapidly as almost to contest the sovereignty ol the 
earth with him. The rat is a cunning fellow, and only by exercribis every strategy can its numbers be kept down. Here we see a battle 
with rats going on in the cellar of a London warehouse, tM: vermin being shot as they are driven out of their holes by ferrets 



N 4 
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THE ELEPHANT & HIS MARVELLOUS TRUNK 



The elephant is the only animal in the world that "“j^® a trunk ^^erhaps one of the early members with a longer nose than 

do not know why this particuliu family of ih deicendantf learned the trick. Then gradually the nosra became 

usualfound that it coulduseitfor^shingor P“'*‘"8 <><>»“ bmn^es of trwsw oa^« j j ,nd in order that these may 

longer and more useftil, till now the trun\ h« ThrSl? hwever, must not be unduly heavy for the aniinaf. 

find a suitable attachment the elephant s skull has I ”®”"’* Jothat while it is itrong and Mg it is also light in proportion, 

and so the thick bone of which it is composed “ T's^mettoes said that it ca^ pick u? a needle from toe ground or 

There are many wrong ideas about what an e ephant can do w.th its It certainly the latter could not be dom. 

drag a great cannon from a bog. Experts declare that It w >f toe toimer ^t can^e pw^m ^ ^ 

Indian elephant in toe photograph 1. doing 
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In this picture Miss Betty Nation has reconstructed the life found on the Earth in the Miocene Period, about a miUioa-anJ-a«.quarter 
years ago, according to some geologists. The temperature of Europe was getting cooler, and plants more like those of Europe to-day 
flourished. There were, for instance, irises and poppies and pinks and violets. It was the age of the sabre-toothed tiger. Giraffes 
had not yet appeared in this age, but there was a camel-like animal with a giraffe-like neck, which enabled it to feed on the foliage 
of tall trees. Animals of the elephant family were growing more like the elephants of to-day, and one, the tetrabelodon, had a very 
long under-jaw with tusks of the modern type. A hare-Uke animal, but much larger than our hares, is shown at the bottom, left. 
It is called the toxodont, and a burrowing creature shown on the right, known as a mylagaulus, had a horn on its snout. Ape-like 
creatures were appearing. One of these, seen on the left, called pliopithicus, was something like the gibbon of to-day There were 
some birds very much like our marabou storks, auks, gulls, guillemots and curlews 
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BLOSSOM THAT MAY OR MAY NOT MEAN FRUIT 



As we know, there is a regxUar routine in the production of fruit by a tree like the plum tree shown in this photo^aph. First comes 
the bud, which opens into a full blossom, and finally the fruit appears, small at first, but as the sun shines on it getting;, bigger, and 
at last ripening mto the rich and luscious fruit which we find so attractive. Without the blossom there can be no Irtiit, but a ^preat 
mass of blossom like that shown here, though bearing the possibilitv of a rich crop, does not necessarily mean that fruH must come 
Many things may happen to disappoint us. If the blossom is not fertilised, that is if the pollen from the male flowers does not reach the 
female flowers no fruit will result. Even after fertilisation an untimely frost may destroy the efforts of the tree to produce offspring 
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WHAT THE AUSTRALIAN DESERT IS LIKE 

The central parts oi the vast island continent ol Australia consist ot dry regions where little grows but 
scrub and porcupine grass. But the soil is fertile and there is plenty of water beneath the ground. If this 
can be tapped over large areas the central region of Australia should become a thriving, populous country. 

On this page we read something about the nature of the Australian Desert 

W E often hear of the f'reat Austra IVoposals are alr<*a(ly b<*ing made tor an amazmfi; jirowth f>t heibai^c As soon, 
ban Desert, but the term gives tlie cxpiemlitun* of millions of pounds however, as the \vab*r su}iply is dried up 

awTong impressi<m of what the in developing this groat central region, tlu; herbage perishes, and ilie desert 

arid regions in the central part of the and it is qinte possible that human returns to its former s('rul)by growth, 

great island continent are like. Tliey industiy and enterprise may transform It is because of the and ( haracter ol 

are not vast stretches of shitting .sand the wilderness into a ganhui. Young tlie lauitral plains of .\nslra1ia that 

like the Sahara and the Gobi Deserts, readers of this hook may yet live to see camels were introduced many years agf> 

but are more like the arid regions of a great rich and jx^pulous country in tor transport purposes, and they are 

North America. Central Australia, wiiere at the prt‘sent still used. With th<' beasts were 

They do not produce crops and time there is little animal life at all. introcinc(‘d a numl>(‘r of Afghans tf> 

sustain human and animal life because Jf the water problem can be solved lofik after (hem and art as drivers, and 

of the lack of water. There are regions there is much wealth that can be the descenilanls, ol Udh the <\imels 

that go sometimes for months and even obtained. No doubt fine and profitable and the Afghans, arc still doing good 

longer without a drop of ram. but far crojis eould be grown, large flocks and work m these arid regions, 

dowm underneath the soil there are herds could be sustamed, and geologists The deseeiidants of the Afghans, 

rich supplies of water, which only need tell us that there is much mineral although they were born in Australia 

to be tapped. wealth only waiting to Ix^ taken. aiul have never been outside that con- 

tn many jiarts of the arid regions of Inslearl of Ix'ing a great s.indy liuenl, still wear turbans, and every 
Australia deep artesian wells have been expanse, the central regions of Australia evening turn their fai i-s towards Mecca 

sunk and supply large quantities of are mo.stly covered with vegetation oi a.s they offer their prayers to Allah, 

water. But if gn*at areas of the a sort. It is often stunted sc'nib with It these vast regions cfivermg Inin* 

interior are to be made available for a great deal of what is known as dn‘ds of thousands of soiiarc miles can 

settleuK'iit by civilised men, much porcupine grass, of no use for cattle* or be turned into a garden, producing 

more will have to be done in the w'ay sheep. But after the rare visitations crops and herds, Australia will be able 

of well-sinking, of rain these gWijlt plains often produte to support s(*orcs of millions 



Cimel transport in the arid regions of Central Australia. The drivers are the descendants ol Afghans who were introduced years ago 
with the camels. Though these men have never been outside Australia they still mainUin the customs of their forefathers 
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THE HOTTEST AND COLDEST PLACES IN THE WORLD 


W E might nalurally suj)po.se that 
tiic hottest place in the' world 
wa*'» on or near the Equator, 
.mcl the' coldest place* round about the 
North and South Pole's If wei thought 
this, howt'ver, we should be* quite 
wrong 'Mie te'inpe'ratiirc of a place 
depe'uds on a number of different 
hictejis — wliethei land or water pre- 
dominates in the district : whether the 
atmosphere is drv" or moist ; whether 
there is much wind and the dirc’ction 
Ironi whic h this comes ; the nature of the 
soil e)n which tlie Sun shines, and soon. 
Even when the Sun is shining with 
the same strength it may bo much 


is not the hottest part of the year, for 
the Summer heat ha.s not yet completely 
overcome the effects of the pniceding 
Winter. As has been truly said, “ The 
time of greatt^st heat lags behind the 
time of greatest heating." 

Where then is the hottest place in the 
world, that is the; place at which the 
thermonK'ler has given the highest 
reading ? Well, it is nowhere near the 
Equator The highe.st reading of the 
thermometer properly autheaiticatecl is 
134 degrees Eah. in the shade, which 
was recorded in the Death alley of 
Southern ('alifornia. So far from being 
on or near the Equator, this place i.s 


Jt is re{Wted that a shade tempera’ 
ture of 154 degrees Fah. wa.s road in the 
Sahara Desert, but this is not properly 
authenticated like the other. 

Now where is the coldest place in the 
world ? Here again it is nowhere near 
the North or South Polo. It is a small 
town in Siberia, about 400 miles north- 
east of Yakutsk, and is near Verk- 
hoyansk. Here in mid-Winter a tem- 
perature of rather more than 90 degrees 
ImjIow zero F'ah. has been recorded, that 
is 122 degn'es of frost, ^'et this place 
is only in latitude (>7 degrees, on a level 
with Norw’ay and Sweden, and only 
just within the Arctic circle It is 



Here the same amount of sunshine is pouring upon the same place on March 21st and September 22nd» yet it is hotter in September 
than in March, because through the summer the soil has been taking in heat and gives off some of its accumulated warmth 



The Death Valley, California, shown on the left, and Gibraltar, shown on the right, are both at the same latitude, yet the Death Valley, 
because of its landlocked situation, is half as hot again as Gibraltar which is almost completely surrounded by sea 


hotter at the same ]>lace on one dav 
than it is on another. For examj)le, 
it is gcneralh' much colder on March 
2 1st. even with the same amount of 
sunshine, as it is on Septi'iiiber 22nd, 
for on the latter day the soil, the surface 
nx'ks, if there are any, the lakes and so 
on, have all been warmed during the 
Summer, and as they cool slowly they 
retain and give off much c)f this accumu- 
lated warmth in September, On the 
other hand, as Marcli 21st follows the 
Winter, there are no such reserves ol heat. 
Similarly when the Sun is at his 
highest in the Northern Hemi.sphcre, it 


north of the 3bth degree of latitude, 
and is on a levt'l with Gibraltar, wdio.se 
temperature i.s quite moderate. The 
n^ason for th(‘ diherenee i.s that the 
Death Valley i.s a very dry area with 
little stirring of tlxj air. and masses of 
rock exposed to the sun.shine reflect 
the hot rays into the atmosphere and 
heat it to this astoni.shing degree. 

Gibraltar, on the other hand, has 
water all round it, except on one side, 
and a place n<%'ir the sea always has a 
cooler and more equable climate and 
temperature than one situated like the 
Death Valley. 


nowlu're near the sea, and not only is it 
rt'tnarkable for its extreme cold in 
Wild IT, but it is also remarkable for the 
enormous range in temperature between 
vSnmmer and Winter. Though the 
thermonn'ter records at times 122 
degre(\s of frost in Winter, in Summer 
it ri.ses as high as 93 degrees in the 
shade, a temperature we very rarely 
reach in London in the hottest 
summer. 

'rhe low temperature at Verkhoyansk 
in Winter is properly authenticated. 

The Death Valley and Verkhoyansk 
an? shown on page 236. 
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HOW THE CONTINENTS AND OCEANS WERE FORMED 



In this diagram the strata instead of being dislocated have become warped, part being pushed up to form a continent, while on either 
side the rocks have been thrust down to form the ocean beds. The dotted line in all these diagrams represents the original surface 



Here we find the same idea as in the top picture, except that vlj^k|i:^rt of the rocks against the faults has been thrust down and thereby 
becomes ocean beds, the other part has remained stationar^ltl its original position, and not been pushed up as in the top picture 



Here is another theory of the scientists. In this case there has been no dislocation of the strata, but they have become warped, 
and while the part now forming a continent has remained stationary, on either side the rock.s have been depressed to form sea beds 



In this pjcture-diagram we see still another theory explained. Here the rocks after dislocation have all been thrust down beyond the 
original level, but while the ocean beds have been pushed a considerable distance, the part forming a continent has not moved far 
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QUARRYING SLATE ABOVE AND BELOW GROUND 



The finest slates in the world come from North Wales, where there are quarries that have been worked continuously for eight 
centuries. In some cases the slate is quarried from the face of the rock, as shown here, and great climbing skill is needed on the part 
of the quarrjrmen as they go about their work Slate, which is one of the clay rocks, was originally deposited in water, and we see 
signs of this in the occasional bands of gritty material. In Welsh slates there are minute flakes of mica, one>2000th of an inch in 
breadth and only one- 6 oooth of an inch in thickness Slate often contains an abundance of very minute crystals 



Here we see Welsh slate being quarried underground. Steep slopes are cut into the base of caverns and from these the blocks of slate 
are cut. Tunnels are worked one below the other. Slate depends for its value upon its cleavage. The best slates are hard and 
fine-grained and cleave into thin plates^ sometimes not more than a sixteenth of an inch thick. Slate Stands the weather perfectly^ 
hence its great value as a roofing material. Other advantages are that it is light, thin and cheap, so that it has largely di^a^ other 
roofing materials In quarrying slate the worker must bt careful of the marp edges which are keen enough to out hand or loot 
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THE WONDER OF THE MOUNTAIN RAILWAYS 

Mountain climbing is an arduous exercise, but there are many mountains that can now be scaled even by 
the feeble. Instead of going up on foot the traveller can reach the summit in a comparatively short time 
by means oi a mountain railway. Such railways arc found in the Alps and elsewhere. Here we read 
something about the different types of railways which take travellers from the base to the summit 


T he fcat.s of the 
railway oii/;»in> 
eers arc among 
the greatest triumphs 
of enginetjnng m the 
wwld. No district is 
too difficult or inaccess 
ible to have its railway. 
From the time that 
George Stephenson 
constnictcil the track 
of the Liverpool and 
Manchester Kailway 
across the shaky 
ground of Chat Moss 
to the present day, the 
engineers have been 
ever conquering new 
worlds. 

How Trains Ascend 

In all parts of the 
woild railways wind 
round and round the 
mountain slopes carry- 
ing passc’Ugers from the 
phiins and valleys far 
up above the clouds. 
\Vh<Te the system of a 
winding track is too 
difficult to curry out 
then' arc rack anrl cog 
tracks by which en- 
g i n cs can 1 i teral I y c I i n i b 
up stex'p gradients, and 
on the Callao-Oroya 
Railway in IAtu trains 
make a ( limb of i5,S()5 
le<‘t, or more than 3,000 
leot higher than the 
highest mountain road 
in Fairope. 

There are many 
mountain railways in 
the Alps, In .some 
casSe.s the rack-and- 
pinion system is used, 
the principle of which 
IS that there shall Iv a 
toothed rack between 
the rails running up 
the sloix\ and a power- 
ful cogwheel under the 
engine engaging with 
the teeth of the rack 
and pulling the train 
up the mountain-side. 

in other cases, as at 
the Wetterhorn, it has 
been found more con- 
venient to construct an 
aerial railway with cars 
which hang from pow- 
erful cables supported 





The rack-and-pinion railway in Switzerland which carries travellers up the 
mountain from Glton to the Rochers de Naye, overlooking the Lake of Geneva. 
This is a rather expensive type of railway to construct^ hut it is very safe as the 
powerful cogwheel on the underpart of the carriage engages with the rack 
and prevents too rapid descent 


at infcrViils on steel 
towers, and are drawn 
up and down th(‘ 
mountain by means of 
cables The car re 
mains horizonttd all 
the time, and tht'c ables 
lliat pull tht' cars uj> 
and down are moved 
by large (Irnms on 
which they an' wound 
and which aiv rotated 
by means of (‘lectnc 
motors. 

The cais used on 
the.se cable railways 
are fifb'd with various 
kinds of mechanism to 
insure .safety m tran 
sit. There an* brakes, 
for example, which are 
very jKiwerful and, 
should a cable f)reak. 
could hold the car 
stationary on the ver\' 
.steepest sec tion of the* 
line. 

Hiere is a double* 
track of tables, and 
as one car ascends the' 
other descends, thus 
working on the com 
pcn.satmg principle so 
that gravitation assists 
111 the work of trans- 
port. 

The Cheaper Way 

'I'he expense of 
c'nxting a cable rail- 
way is not so great a.s 
that of erecting a rack- 
and-pinion, and hence 
it is coming more* and 
more* into favour. We 
have already seen on 
page (X).f hour there is 
an aerial railway of 
tliis type* for carrying 
passeng(*rs from (^ape 
d'own to the lop of 
Table JVl o u u t a i n i n 
South Africa. 

In regions like the 
Andes and tlie lowei 
reaches of the Hima^ 
layas the cost of build 
mg a railway is very 
great, because of the 
difficulties of getting 
machinery and mat- 
erial to the proix>sctl 
track. The greatest 
ingenuity is exercised 
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MARVELS OF MACHINERY 


f)y the engineers .n 
taking aeixantage 
of slopes in order 
to keep down the 
gradient ot the 
track as much as 
possil))(‘ In many 
railways, like that 
whii'h goes u]) to 
Dar )e(*l ing, tlie 
trat'k doubles upon 
itself and after 
travelling lonnd a 
c urve goc's over oi 
undc'r another part 
of the trai'klike the 
loo}> of a string oi 
knot 

Up-Hill Work 

In hu ild 1 ng a 
mountain railway 
like the ('aJlao- 
t)roya H a i 1 w a y 
already referred to, 
the engineer has a 
harassing tirn<’, for 
so m any u n e x 
pected ditfunlties 
arise , 'i'hat railway 
was designed and 
bnilt by tlie famous 
engineer Henry 
Meiggs. For the 
first hundred miles 
tlu' tiark climbs 
continuously, zig- 
zagging m a very 
ex tra o f d in ary 
manner. Streams 
an‘ bridged, gal- 
leries are hewed out 
of the solid rock, 
the rails are laid 
along tli(‘ edges of 
tremendous preci- 
pues, and o})euings 
have been blasted 
through vast nx ks. 
In one section ol 
fifty miles nearly 
sixty tunnels had 
to lie pier r e d 
through the rock, 
and as one travels 
in a train on the 
rail way one (an 
look down upon 
tier after tier of 
track, th(^ result of 
the zigzagging of 
the line 

More than half 
a million pounds 
of ex])losives were 
used every month 
in blasting a way 
for the railway, and 
when Meiggs died 
as the result ot 
privation and 
worry in making 
the line, two-thirds 
of it haci been com- 
pleted, and it had 
ascended the Andes 
for 88J miles to a 
heightofi2,2oofeet. 



The aerial railway which takes travellers up the heights above Engelberg in Switzerland. 
The cats drawn by a cable travel from Rohr to the Gerschni Alp. The steepest of the 
Swiss cable railways^ that at Ambri-Piotta in the Canton of Ticino, mounts 2,145 

in seven eighths of a mile 


With the maste 
(Ml g i n e e r gone, 
howewer, the work 
w'as suspended for 
only a short time. 
Another engineer 
followed the origi- 
nator and the work 
was finally com- 
pleted, ending at 
a place just over 
three miles above 
sea-level, w h c r 
the air is so rarefied 
that it is dilhcultto 
breathe, Ko won- 
der large numbers 
of workmen suit- 
ered and died when 
labouring in such 
an atmosphere. 

Peace-Making 

Anoth('r famous 
mountain railway 
is the Frans- 
Andean Railway, 
'fhis track, whi(di 
runs from the 
Argentine to Chile, 
has brought th<‘ 
A 1 1 a n t i c and 
Pacific coasts of 
South A m V, r i c a 
within thirty hours 
of one another. It 
was a great vi('tory 
for Pcai.e, and oh 
t h e s u TTi m it o 1 
Mount Ciinifirae 
stands a huge 
bronze statue ol 
('hrist, with this 
inscription on the 
l)a.se : "Sooner 
shall these moun- 
tains crumble into 
dust t li a n I h e 
])fople of Arg(?n- 
tiiia and C h i 1 e 
break tlie peace 
which th(‘V have 
sworn to maintain 
at tht‘ fe(*t of C'hrist 
the K(‘deemer." 

The highest rail- 
w’ay in the world 
is th(‘ Antofagasta 
and Bolivia Rail- 
w a y, where at 
Montt the trains 
pass at height 
of i5»^34 feet, or 
three miles alxiVv^ 
the level of the sea. 
This railway has a 
gauge of 2j feet 
The Central Rail- 
way of Peru runs 
this height close, 
lor at I-a Cima the 
trains travel at a 
height of 15,806 
feet above sea level . 
T'he highest rail- 
way in the United 
States is at Pike’s 
Peak, 14,147 feet 


HOW PLAIN CLAY IS TURNED INTO BEAUTIFUL CHINA 



The clay article goes into the oven and becomes Here a jieaper transfer is Now the transfer is trimmed with scissors and 
porcelain. Costly pottery is hand-painted, but being piil^d off the copper then is laid carefully on the porcelain vessel which 
transfers are used for decorating the cheaper kinds after printing becomes decorated where it leaves its facsimile 



Next the article, in this case a cup, is coated The ware is then packed in con- Lastly the ware goes to the enamel kiln for 
with glaze by being dipped in a vessel of liquid tainers and put in an over to fuse eight hours or more to fix permanently on the 
and gets a smooth surface the glaze to the porcelain vessel the design made by the transfer 
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WHEN YOU CALL THE FIRE BRIGADE 


E ver since men to live in 

villages and towns they have run 
the constant risk of losing their 
possessions and lives by fire. Through- 
out thousands of years of history more 
buildings and cities have been des- 
troyed by fire than by the most bitter 
wars. Kven to-day^ and in spite of 
highly organised fire brigades, fire des- 
troys ;fi4,o<x>,ooo worth of property in 
Great Britain every year and costs the 
lives of hundreds of people. 

Effective methods of dealing with the 
fire peril in towns and cities only came 
about in comparatively recent times. 
When the Great Fire of l.,ondon des- 
troyed a large part of that city in if >00. 
and for long afterwards, the only eipiip- 
ment for fighting fires con.sisted of hand 
squirts, .small buckets, and liooks for 
pulling down buildings to prevent a fire 
from spreading. Earlv m the i8th 
century came a very simple form of fire 
engine, w’hich was just a hciiKl-oj)erated 
pump mounted on a cart. 

In 1H30 serious fire-figliting began 
with a London engineer's invention of a 
steam fire engine. Two years later the 
London insurance companies adopted 
the engine for dealing with fires in the 
City, But each company only put out 
hres at property insured with it. I-ater 
the insurance companies joined together 
and formed a .single fire brigade, which 
jn 1865 was taken over by the London 
Metropolitan Ikiard of Works. 

Wlien the Ixnulon (‘ounty Council 
was formed in 1888 it took over the 
Metropolitan Hoard of Works fire bri- 
gade, and since then ha.s been res]>on- 
siblc for dealing with all fires in an area 
of 1 17 square miles containing some of 
the most conge.sted districts in the 
world. Hence the organisation and 
equipment of tlie I^ondon Brigade 
jH'ovides us with a good example (;f 
modern fire-fighting organisation and 
equipment. 

Throughout the London hire Brigade 
area there are 58 land fire-stations and 
three river stations, and these arc so 
situated that wilhin five minutes of a 
call from any part of the county at least 
one engine shall be on the scene of the 
fire. If the fire is a .serious one, 15 
engines and 100 men can he on the 
.scene within a quarter of an hour. 

Each land fire-station has at least 
two appliances, |X)pularly called fire 
engines. One is a puiu]) and is fitted 
with a standard fire jiimip, able to 
deliver 800 gallons of water a minute, a 
40-foot extension ladder, hook ladders, 
and respirators for the crew. The other 
is a pump e.scape of the type descrilied 
and illustrated on page 740. Some of 
the larger stations also have a turntable 
ladder like that shown on this and the 
opposite pages. 

At the Brigade headquarters and a 
few very large stations tliere is a foam 
tender for putting out oil and chemical 
fires : a canteen van for supplying meals 


to firemen on any call lasting more than 
three hours ; a breakdown lorry, on 
which is mounted an eight-ton crane to- 
gether with hydraulic jacks, oxy- 
acetylene cutters, and special lifting 
gear for rescuing ))eople trapi>ed under 
road vehicles ; and an emergency tender 
carrying searchlights, a.sbestos glove.s, 
electrically-insulated clothing, and a 
smoke-extractor w'hich, working like a 
vacuuiji cleaner, sucks smokt‘ and otlier 
1 limes out of buildings. 

Altogether the Ixindon Fire Brigade 
has 233 fire engines, esca})es and other 
vehicles, 56 miles of ho.se, 32,000 .street 
hydrants, and five motor-boats fitted 
wntli ])uinps for dealing with fires at the 


This drawing 
shows you what 
the turntable 
ladder illustrated 
on the opposite 
page looks like 
when three sec- 
tions of the 
ladder have 
been raised. 


docks or on 
ships. The 
Brigade has 
2,438 officers 
and men. 

There aie 
two ways of 
calling the 
hire Brigade; 
eitlier from a 
street alarm 
or by tele- 
phone. When 
the glass of a 
street alarm 
is broken and 
the handle 
' pulled, an 

electric cir- 
j ruit is closed 

> and operates 

i a machine in 

I t h e 1 o c a 1 

lll^ion which ]^ricks a 
<0006 number on a tape 
shows at what 
j^mt thealann is l)eing 
and at the .same 
a bell rings to warn 
fjiq duty fire crew. 

■ Street alarm.s are 
gradually being 
abolished and most calls 
for the Fire Brigade 
are received by tele- 



j)hone. A caller dialling 999 and asking 
for the Fire Brigade is at once con- 
nected by direct line tf> one of the four 
switchboards in the control-nxim at 
the Brigade headquarters. Be.side each 
switchboard is a large revolving card 
index which gives every street, lane and 
mew^s in London, the fire station 
nearest any particular street, and the 
stations wHich can send reiniorcements. 

Immediately he has been told where 
tlie fire i.s, the pjierator who receives the 


call spins tlu* revolving card index, ex- 
tracts the nece.ssary information, and 
th(‘n preascs a button which rings an 
alarm in the appropriate station. While 
the duty fireman at the .station called is 
l>cmg given tlie address of the fire bv 
felephone, alarm bells, also started by 
pressing a button at lu^adquarters, ring 
in every room in the .station 

While the driver of the engine is being 
given the ewidress, tlie duty crew for 
that particular eiigiiu.* arc sliding down 
poles from the iqi.stairs quarters and 
mounting the appliance. Hie .station 
doors automatically open and within 00 
seconds of the call the engnur is awav. 

Whenever an engine leaves its station, 
a signal is sent to the control-room at 
headquarters, where an operator plots 
its movements by shifting indicators on 
a plan of the London Fire Brigade area. 

Arrivt'd at the fire, the ofiicer in 
charge of the crew takes stock of the 
.situation, and if he decides that he can 
deal with it he telephones, or radios 
from a transmitter on the engine, a 
“ stop " message to headquarters. This 
means that no more engines will be sent. 
On the other hand, if the olTicer decides 
he needs more help lu‘ sends a message 
asking for reinforcements. 

Slioiild the fin^ need more than four 
engines, the toiitrol unit is brought into 
action. This is a large van fitted out as 
a miniature control room, and a.s it 
travels to the fire its .stall work out the 
plan of operations, h'rom a large stale 
map of tile area they find details of all 
hvclrants near the firi^ and decide which 
ones shall hv used. They may find that 
there arc only small mains in the strei^ts 
surrounding the buildings, but that 
there is a large mam some distance 
away, in tJiat event they will decide 
to pump from the* large main and relay 
th(! flow of water through other pumps 
stationed between the main and the fire. 

On arrival at the fire, the officers in 
the control unit may find the situation 
much more serious than they expected, 
so they will call for more appliances. 
The more engines there are at a fire, the 
mure difficult it is to use thorn to the 
liest advantage, and to prevent the 
diflcrent crews getting in eacli other's 
way. But by using walkie-talkie radio 
sots, orders can be given to scores of 
diflcrent fire-fighting points accurately 
and without delay. 

Thanks to good organisation by head- 
quarters and close teamwork between 
stations and crews, there are compara- 
tively few large fires in the London Fire 
Brigade area. Although an average of 
50 alarms are received every day by the 
lx)nclon Fire Brigade, half are false, 
and six are chimneys on fire. 

About 85 per cent of the fires 
attended by the brigade are put out by 
the first-aid equipment. This is a 
length of rubber hose through which 
water is pumped from a tank carried on 
the engine. 



THE WONDERFUL LIFE INSIDE A BEEHIVE 



Bees are the busiest workers in the world. Their homes are well called “ hives of industry,*' and in this picture Mr. L. G, Goodwin 
shows us what goes on inside the hive. It is really the busiest of towns, with bees coming and going all day long. There are the 
honey gatherers, who pass their honey to warehouse keepers, who store it away in cells. Then there are the gatherers of pollen, used 
for feeding the bees, which is stored in hermetically sealed cells to prevent it from fermenting. There are varnishers which seal up 
the honey cells and fill up any cracks there may be in the hive, and also stick the comb to the frame. Other bees are chemists, and 
put a little formic acid into tne honey before sealing, so that the honey may be preserved. While all this activity is going on other 
bees perform various duties, such as fanning the hive to keep it cool, guarding the Wve from intruders, scavenging to remove any 
rubbish or dead insects that may get inside, and sealing up such creatures as snails that invade the hive. Then there are water carriers, 
which bring in water as required. In the midst of it all live the drones in complete idleness and luxury 
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Wonders oF Animal &Plant Life 



THE LITTLE BUSY BEE 

There IS no end to the marvel oi the bee and its busy lile. Much ol this great natural history romance 
has been told in earlier pages of this book (See pages 669 and 827). Bui there remains much more to 
be told* and here the remarkable story is continued 


I T used to bo quite a regular thing for 
parents and teachers, when urging 
boys and girls to be industrious 
at their work or lessons, to quote Dr. 
Isaac Watts’s rhyme : 

How Hoili the little busy hee 
Improve e.irh shininK hnur, 

Aiul jiather honey .ill tlio chiv 
hrom every opening flowjs. 

We liave already seen in another part 
of this bof>k (page 827) the astonishing 
industry with which the bees work 
when building up their conimunit v. the 
production ot the wax. tlie tashioning 
of the cells, the care of the young, and 
so on. Ihit the w'ork for which the bee 
IS most g(‘n<Tally known is tliat of 
making honey from the nectar oi the 
fhnvers, and it is in tlie g<ithenng oi this 
lUH-tar and the making and storing of 
the honey that the insect shows its 
industry to greatest adyantage. 

Amazing Toll 

When we rcmenilx'r that the average 
hive produces thirty or fort>' jiouuds 
of honey in a single* st^ason, and that 
some yield cvaui as much as two hun- 
dred pounds, and yet that a single lM‘e 
can carry in its honey bag only one- 
third of an ordinary tirop of honey at a 
tune, we can understand the ama/ing 
amount of toil aiifl tiavel v\hieh has 
to be done in order that tlu; \ ield of 
honey may be as grc'at as it is 

We cannot have walc'hed .1 hive foi 
any length of time without being struck 
by the enormous activity which is going 
on round about the enlr.ince. Ibui; are 
bees coining and going in large numbers, 
those that arrive flying iniuh k*ss 
quickly than those starting oil. The 
bees that arrive are laden with hone>' 
or pollen ; while those going off have 
unloaded their cargo and are so eager 
to get a fresh supply that many of them 
do not even crawd out before starting 
but fly straight out of the door. 
Some that come out of the hive and 
(ly off seem not at all in a hurry. 'I'hcy 
preen th(;it wings and hesitate a mo- 
ment or two before starting. Hicse are 
young bees who are making their first 
expedition in search of nectar, and it is 
their first sight of daylight. No wonder 
they sctmi a little dazed. 

The bees know nothing of an eight- 
hour day. They all work overtime, for 
they start out alxiut the time that the 
Bun's rays first strike the field or garden 
in the morning, and they keep hard at 
it till twilight falls in tlie evening. It 
is not surprising, therefore, to learn 
that the bees that go foraging for nectar 


)iv(^ only two ot thriM* wctdvs. riicy 
litiTallv wear themselves cuit with 
work, ami whi'ii they dn‘ of exhaustion 
their wings arc often worn away and 
then bodies covc'red with wounds. 

Hut they do not Complain ; they do 
not ('onsider that they hav<‘ earned a 
])ension <111(1 try t(j live (.m at the ex- 
pense (if the otluT b(*<‘s ; they fly 01 
crawl away to son>e retired spot and 
there die. 'fhe other bees do not evim 
have the tiouble of burying tluan 

Other bees that we se(‘ coming and 
going less rapidly than the foragers 
who seek nectar have a diflerent busi- 
ness. f hey are pollen gatherers I hit 



A bee entering g! btlsam blossom in its 
search for nectar 

if we arc very ol>{jK'r\’ant wr shall notice 
tliat certain 1 k;€js, w'hile flapping their 
wiiigs very vigorously. <1<> not fly aw.iy 
at all ; they stand round the entrance 
to the hivei their heads pointing to the 
door, and go on moving tht*ir wings so 
rapidly that they become invisible, just 
as the propeller of an aeroplane is in- 
visible w'hen it is revolving rapidly. 
What can these bees be doing ? 

d'heir work is to ventilate tlie hive 
and jircvent the insuh* giTting too 
warm 'fhe movement of their wdngs 
draws out the warm air from the hive, 
and just in.side the door there are other 
bees acting in the same way with their 
heads looking also towards ilie opening, 
which are drawing in cool aii from the 
outside. 

If the sun is hot and the hive gets 
warmer still more bees take up the 
work of ventilation. When a bee gets 
exhausted it stands aside aiad another 
bee at once takes its place and carries 
on the good work. The fatining goes 


on on hoi summer nights as well as by 
(lay. and so strong is the diaiight oi 
air ni.iilc by the bees’ wings that it will 
evT*n lilow out a candle flame if this is 
placed neat the door. 

d hc most important workers oi th(‘ 
hive an* the gatherers ol nectar, a 
Ii(]uid s(‘eieted by flowiTs of \arious 
kinds and cont.iinmg much ( anc» sugar 
Whi'n the bi‘0 nNiclus a flower six' 
settles on it and th(*n poki‘s lier tongue 
or ptobosi^is (l(.)W'u to the ne('t<ir, and 
by nii‘ans of a spoon at the tip (ollects 
a tin\’ drop. I'he tongue can be drawn 
m or exteiich'd at will "I'Jie neetai is 
thiM) sucked uj> a tube which runs tin* 
whole length of tlx* tongix' and pass(N 
into the hoiK'y s.u . 'I'he tongue is then 
e.\tend«'d to get anotlx‘r drop of honey, 
till at last the sac is tilled. 

How the Bee Makes Honey 

As (‘xplained on page i>y 2 . the honey 
passes tiom the sac into the stomach 
and then 1 ('turns, beinu straiix’d ot 
impuntx'S on the \Vi\y, When the sac 
is filled the Ix'i* ilu's ba<‘k to the hive, 
and on the way the nectar is changed 
into honi'v, Uic caix* sugar by the 
addition ot luices from certain glands 
being traiisfornu'd into w'hat is ktiowui 
as gra{Ki sugar, wdiich is e«isily digestible 
by human beings as w(’ll .is by be(’s 
'riiis change' must be n'nu'inbered, for 
the bee is not simply a Ixjiiey gatherer- - 
it is a nectar gatherer and a manufac- 
turer of honey frmn nectar. 

On arriving at tlx' hive the bet; 
passes straight in, Ir'ing allowed to 
ent('r by C(‘rtain guard bee.s who are 
on tlx; watch for pirates and burglars, 
but w'ho n'eogiiisc tlieir own friends 
immediately If a strange Im*c tri(;s to 
ciitei or a wcisj), a great fight takes place 
and the robber is invariably killed. 

Arriving inside the hive, she is nx't 
by another worker bee wlio dot's tin* 
vvartfliousing. 'I'he foragi'r passes the 
hoix'y madt' Irom the nectar out ol her 
tongue to tht‘ warehouse bee, who 
swallows it, and this b(*(; then goes iq) 
to a vacant cell anti, poking her longix' 
in.si(lo. empties out the lioney that has 
been harxied to her. 'I'he forager bee, 
directly she has been relieved of her 
loatl, passes out of tlie hive again aiul 
goes off to search lor fresh .supplies. 
Often sire will travel as far as three or 
four miles to find suitabU; flowers, but 
she always finds h<;r way directly back 
to the hive. When we want to describe 
a straight line of travel wc generally 
speak of a Ixx; line. 

How the bee finds her way back to 
the hive no one can say. 
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THE OLIVE TREE AND ITS USEFUL FRUIT 


T he olive is one oi the olilest of 
cultivated plants, and is valued 
chiefly because ol the oil which 
Its fruit yiekls 'J'he pulp is neither 
sour nor sweet like that of 
most other Iriiits, but is 
very rich in oil, and this is 
extr.icfed l)y prc'ssiire. 

In olden times m the 
Mediterranean countries an 
olive yard like a vineyard 
was rVgariled as a great 
f)oss(‘ssiori, and we find 
constant relerenccs to the 
olive in the Bible. 

1'he high t‘slimation in 
which it was held is proved 
by such exjuessions as that 
which speaks of " clnldnMi 
like olive plants round thv 
table," and in the Hook ol 
Jiidgi^s w(‘ find a fable which 
tells ho>v the trees, wanting 
a king to icign over them, 
said unto ttuj olive tree. 

" Reign thou over us." One 
ol the greatest di.sasters that 
could overtake the people 
of Palestine was for theii 
vineyards, fig trees and olive 
trees to be destroyed by 
insect pests, as described 
by the propliet Amos 
The olive is a low^ branch 
ing evergreen which 

attains a height of from 20 to 30 feet, 
and lives to a great age, and it will grow 
in soil made chiefly of ashes, as it does 
on the sloties ol Vesuvius and Etna. 
'I'he loaves are dark green or bluish, and 
the cream -coloured 
fragrant flowers 
develop into a pur 
plish-black fruit 
which has a stone 
inside. Like the 
plum, cherry, apri* 
cot and peach, the 
fruit is known to 
botanists as a 
drui>o, a name that 
comes from the 
Latin word for an 
unripe olive. 

The olive i.s prob 
ably a native ol 
the Mediterranean 
countries, but it 
now grown in large 
quantities in 
Africa. Australia 
and America. 

As soon as the 
olives begin to drop 
from a branch 
when it is shaken 
they arc ready for 
picking, if they are 
wanted for pick- 
ling. For this pur- 
pose they are 
generally gathered 
hard and green. 

If they are 
wanted for their 
oil, they are left on 

are ripe, but not 


till they become soft. There is a great 
art in gathering the olives at the right 
moment, for if they are picked too 
early the* oil extracted from them is 


bittni, and if they are gathered too lafe 
it i?» rancid. The olive picking is done 
by hand. 

The fresh fruit, whether green or ripe, 
IS not pleasant to the taste in the natural 


state. For pickling, the green olives 
are soaked in weak lye, to take out the 
bitter taste, and then rinsed and Soaked 
in iM-ine with certain flavourings. Some- 
times the ripe fruit is 
pickled, but this is a much 
more difflcult task. 

In ancient times the 
methixi of pressing the oil 
from the fruit was by tread- 
ing it with the foot, just as 
grapes were pressed, and 
even to-day the pressing of 
the oil is carried out in this 
way in the Eiist. 

In European countries 
and in Australia and 
America, however, a pres.s 
something like a cider press 
is used, and where the oil is 
produced on a v'ery large 
scale still more elaborate 
presses do the work 

The olives are fii*st dried 
slightly in the Sun or by 
artificial heat as they can 
then bo handled more ca.sily , 
They are then cru.shed to 
break the cells that contain 
the oil, and arc formed into 
blocks called cheeses about 
a yard square and three 
inches thick. These are 
packed in linen and the 
chooses, piled one upon 
another, are then gently pre.s.sed so 
that the oil may flow out. 

The best oil is that which comes out 
first, and there arc two other pressings, 
the oil which is obtained at Bje tlnrd 
operation**^ 1^^‘ing 
used only for light- 
ing or soap -mak- 
ing. 'fhe oil as it 
flows settles in vats 
and is allowed to 
flow from one vat 
into another, im- 
purities settling in 
each vat. At last 
a clear yellow oil is 
obtained, ready for 
packing and seal- 
ing in battles. 

Olive oil i.s of 
great food value, 
hut it is often 
adulterated with 
the oil obtained 
from peanuts, cot- 
ton seed and other 
plants. These are 
equally wholesome 
and oi practically 
the .same chemical 
compo.sition, but 
they are inferior 
in flavour to good 
olive oil. 

ITie olive will 
grow in any hot, 
dry climate on 
irrigated land, but 
it does not like a 
humid atmosphere 
and 80 vAW not 
wd \tv 

Qie Tropics. 



A spray of olive with berries ready for picking 
X30S 



A spray of olive in blossom and, on the right, a single flower enlarged 
and a fruit cut open to show the stone 


The salmon is a strange hsh. It is really a sea hsh» but it ascends the rivers and streams at certain seasons in order to deposit its eggs 
on gravel) where in due course they hatch out and become young fish. After a certain time they descend to the sea, some in 
their first year, some in the second, and some in the third. After they have remained in the sea for a time they go back up the river. 
Meanwhile, the parent salmon, having spawned, go back to the sea in 8>^ch a miserable condition that many die on the way. But 
once in the sea they soon recover and again return to the rivers. Salmbn grow to a length ol as much as hve ieet, and somtittnes 
turn the scale at sixty pounds. In travelling up the rivers the salmon often journey for hundreds of miles, and they leap over weirs 
and waterfalls, jumping six feet or more at a time, like the hsh in the photograph, which is jumping the Struan Falls, in Perthshire 




THE MAZE OR LABYRINTH OF GROWING TREES 

T 


^HK vitality of some trees and bushes 
IS astonishing They may be cut 
and clipped and lop[)ed and 
Ixuit. and yet flourish and grow quite 
healthily. 

hVom Oueeu Khzabeth’s reign light 
down to the eigliteenth century it was 
.1 conunon practice to cut the yew, th<‘ 
box and offier trees into all sorts of 
fantastic shapes, siu li as crowing (ocks, 
and so on It is still the practice to 
( ut thesi' and othi*r evergreen 
plants when they are grown in 
thick hedges to a rectangular 
shape. 

Another (jueer custom during fhi^ 
period reterred to was the ])lantiiig 
and growing of these trees in thi* 
form of a labyrinth or maze. 'rh<> 
path from the entrance to the 
centre was by <levi<nis ways, being 
constantly cut oft so that tlu* 
\isilor had to retrace his steps and 
take flesh turnings Several ol 
these mazes still exist, the most 
famous being that at Hampton 
( ourt, a photograph of whu h is shown 
on this page, together with its design 
It was laid out about the year 1700, 
and consistcHl originally ol hornbeams, 
whu'h have snue been replaced by 
hollies and yews. 

'I'he design ot tluse garden mazes was 
not haphazard Tliey were always 
laid out on some principle so that the 
owner might alwayj^ know how to find 
hw way in or out 'fhe maze at 
Hampton Court, toi example, is laid 
out in sui'h a way that to get to the 


centre irom the entrance one must keep 
the right hand in contact with the 
hedge ; that is, if one on entering 
touches the hedge with the right hand 
and does not take it oft but follows the 
hedge round in this way, one will 
eventually get to the centre. 

Thes(‘ mazes were v^er^'^ |>opular at the 
time when geometrical gardening was 
in fashion, all the beds l)cing laid out 
vtTy prtH.'isely in circles. s(]uarcs. 



triangles, and .so on. The idtxi ol a 
maze was originally obtained from Die 
story of the Cndan labyrinth built by 
Daedalus for King Minos, in which to 
houbc the Minotaur. 

In the days when mazes were tashion- 
ablo, and so m.my of the large mansions 
in iMigland had oiu‘ in the garden, the 
designs witc olten very intricate, much 
more so than is the case with the 
Ilainjiton Court maze* of to-day. In 
some cas(!s there were a consitiVrable 
number of entrance.s, only oni* ot 


which enabled the visitor to reach the 
centre of the maze. All the others 
ended in blind alleys. 

Without the key of a maze a person 
may by perse verence or chance reach 
the centre, but it is sometimes more 
difficult to get out than to get in. 
Many a vi.sitor to the Hampton ('ourt 
maze has proveil this and has Injon 
able to e.scat>e only with the help and 
direction of a kei^per. 

Perhaps the most famous of the 
gard(*n mazes in history- or litera- 
ture is that of Fair Uosamond. the 
friend of King Henry 11 of 
luigland. She was the daughter 
of Lord (difford, and, according 
to the legend, lived in a retreat in 
the centre of a maze or labyrinth 
at Woodst(x:k Park, Oxfordshire 
yueeii IDeanor, the wife of Henry 
il, found her way through the 
maze by means of a ball of silk 
thread, which (.aught in King 
Henry’s spur and wa.s unravelled 
as 1 k‘ made his way Irom the 
entraru'c to the centre of tin; maze. 

By lol lowing this thread yueen 
Eleanor reached the place where Fair 
Rosanuind lived, and as the U'gend says, 
had her put to di'ath. According t(‘ 
anotluT version this labyrinth or maze 
was constructed niidiTg round. 

It is curious how the thread method 
ol finding one's way in or out has liv(*d 
Dirough hi.story. The classical story of 
till* Minotaur says that tlu^ only method 
ot finding the way out of the C'retan 
labyrinth was by a skein of thn‘ad. 
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MANCE oF British History 



BRITAIN PUTS AN END TO SLAVERY 


Every British boy and girl and every grown-up Briton, loo, should know the wonderful story of how England 
took the lead in abolishing slavery and the slave trade and set a new standard for the world in the treatment of 
the negro races. Here is the story of this Great Crusade which the historian William Lecky describes as 
‘ among the three or four pciiectly virtuous pages comprised in the history of nations” 

F rom the time that man first proclamation, there wtTe inon’ than In some ol tlie islands tliey wen* actually 

appeared on the Earth right 4,000,000 black or half-black ]X'ople extcTininated, and as the Spanish 

down to the present day he lias. held in the basest servitude in the eon<|ut‘rors were not the kintl of people 

‘lornewhere or other, enslav(*d his United States. to weak themselves, tlu'v found it 

f(*Ilows, The so-( aIl(‘d Christian nations maritime or colonising n.itton necessary to import negro slaves from 

have been as guilt}" a.s others, and it is can plead inuotamce ol llu* ti'nible the t >M World. It was a Spanish 

a strange fact that the last Christian Slave 'I'rade, perhaps the most dread 1 11 1 bishop who lust suggested this solution 

couutiy to abolish slavery only did so ennie that can b** laid to the charge of the labour prol> em in the N(‘w 

aftcT the fighling of a long and bitter war. ol humanity. No form of lying or Woild. 

It was in the childhood of living peiiple treachery or cruelty wa.s too base to fhe kidiiap[)ing and traiisjiort of tlii^ 
that slavery was finally ended in the be employed in the capture or kidnap- blacks was a proJitablc^ business, an<l 

Ihiited States by the proclamation of ping of Afric^an negroes for tin* slave Sir Jolin Hawkins, who latcu* did suc h 

Abraham Lincoln on January 1st. T 86 p markets of Anionca, an<l the transport gooil service in defeating the S]>anish 

Many ministiu's ol the gospel m that ot these unfortunate victims acro.ss the* Armada, dc'cidcil that Iriigiaiid should 

country had provetl from tlie Bible to Atlantic; was accompanied by horrors hav(* her pari m the jirolitable trade. 

tlu‘ir envn satistaction and that ot the that can be ecpialled nowhere elm* m He has the miserable n'putation of 

skive lAMU'rs that slavcsy was an history. b<‘ing the lirst Englishman to trailK 

eKc'cllent institution, ordainc'd by God We may wtdl be ashamed tluit the m slaves. 

toT the bencdit of both the* imisters and English took a leading pait in tins vile In 156.: he lormed a lompany m 

th(* slaveys trade*, but perhaps it is som<5 com- London, fitted out three slnjis, c aptureil 

'I'he niiich-landc'd DcTlaration of [lensation that England also took a ^00 negrots a.t Sierra Lc*one and 

independonev, regarded by Americans lead in abolishing not only the Slave earned tlu'rn oil to San Domingo 

almost as a sac'red and inspued doeu- 'I'radt* Init slav'ery itself. Hen* we have In tins neku lous ti «dfic the strangest 

m(‘iit, declarc‘(l that : " We hold tht‘se link(*d together the darke.st and the things happenc*d, Whim Hawkins 

truths to bc' self-evddent. tluit all men briglitc‘st passag6$ Jii ICnglancrs story. planned a sc’cond slave* r.iidmg (*x]u*eli- 

ure cic'ated equal, that tle*\ arc^ .\lter the Spaoiirds had discoven'd tion he obtameil Hie ajiproval of 

endowed by their ( reator with certain America they «5if>lavi*d the native; ()ueen Elizabeth, who lent him a large 

imalienable Eights, and that among peoples to work irjl tin* mine's .md Hu* ship c ailed the //•.wrs’, in which to niriki* 

lhes(* are lite, liberty aiuf the pursuit fi(;lds, and .so ter^ble were the* ion* the; venture, and vvlu'ii with tins 

ot liapfiiness.'’ ‘ ditions of Ihcsir |lab(Mir that these vessel and threr smaller ones he* s.uk'd 

Vet, vnIicii Linccjln Tnad<' his .great unfortunate died like flies on Ins expedition lu* endeil Ins cn'dei 


'i 



Slaves being shipped on the coast of Africa. From the painting by George Morland 
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How slaves were packed on board ship by Act of Parliament for transport from Africa to America 


to the crews with tJie wends : ‘ Serve 

God daily, love one another, pr<‘serve 
your victuals, beware ol tiro and keep 
[?o(xl company.” 

Ills idea of carrying* out. IhesiJ pious 
and admirable .sentiments was to go 
“ every day on shore to take the 
inhabitants with burning and spoiling 
their towns. " 

When after being Ix-'calmed a breeze 
blew up and Hawkins and his men could 
bear down once nunc on the lionu^s ol 
th(‘ black people, he wrote in thank- 
fulrn’ss ’ *' Hut the mighty God who 
newer suriereth Mis elect to perish, 
sent us the breeze.” 

Such was the queer mixture of piety 
and fraud, of kindly sentiment and 
cviu‘l practice, that charactcrisixl the 
Slave 'I'raders right through their 
history. 

A Dreadful Privilege 

After Marlborough’s great victories 
on the continent of Europe came the 
f*oace of Utrecht in 1712, and among 
the English gains, as announced f)cr- 
sonally to the House of Lords by 
(Juceri Anne, was the following : ” Spain 
will yield to us the fortrc.ss of Gibraltar, 
the whole i.sland of Minorca, and the 
mono|K)ly in the trade of negroes for 
thirty years.” 

When there was some objection on 
the part of Holland to the enjoyment of 
this monopoly by Britain, Bolingbroke, 
the great English .statesman, wrote ; 
” Docs it not make your blood curdle 
in your veins to hear it solemnly 
contended in Holland whether Britain 
shall enjoy the asiento ? ” The a.sieiito 
was the slave contract of the Treaty. 

But even in those days there wcue 
Englishmen of finer thouglit. Alex- 
ander Pope, writing of the untutored 
native, said ; 

Vet simple Nature to his hope has K'vt'n 

fiehind the cloud* topt bill a humble ho.avcn ; 

Some safer wr>r1d m depths of woods cm- 
bracJixl, 

Some happier island in the watery waste, 

Where slaves once moit; theli native larul 
behold, 

No fiends torment, no Christians thirst for 
gold. 

The dimensions of the Slave Trade 
may be gathered from the fact that it 


wa.s estimated that by 1780 nine 
million negroes had lieen exported from 
Afri«,*i to North and South America, 
and that in the century which preceded 
the" abolition of the Slave Irade by the 
United States in 1808 the, English alone 
had imported into America nearly three 
million negroes, while at least a quarter 
of a million had been thrown overboard 
during the voyage across the Atlantic. 
.Af.x>ut this throwing overboard ol the 
slaves .something will be said latci. 

Fhc British Slave Trade seems to 
have reached its height just before the 
American War of Indepenrlonco. It 
was carried on chiefly by ships from 
laverpool with a few from London. 
Biiistol and Lancaster. Altogether 
there w(;re 192 slave ships .sailing from 
these ports and in them space was 
allotted for the transport of 47. 
negroes. 

The development of the American 
Colonies incrcascxl the demand for 
slavtjs, and at least 58,000 a year ha<l 
to be imported to keep up the* stock. 

The j^ractice of the slave traders was 
to land on the coast ol Africa, set fire to 
a village by night, and cajiture the 
inhabitants as they tried to escape?. 
Then the negroes were manacled 
and taken 011 board the slave ships, 
where they were packed in the hold as 
tightly as cases of whisky or barrels 
ol rum are ptickcd in a smuggling 
vessel to-day, A ship the size of a 
small coasting schcjoner would carry 
six or seven hundred negroes laid on 
their sides like spexms in a case, the 
knetjs of one tilling into the ham- 
strings of his neighbour. They could 
neither sit properly nor stand upright. 

Packed Like Herrings 

One liistorian tells us tliat the 
negrcKJS ” were chained to each other 
hand and foot and stowed so close 
that they were not allowed above a 
foot and a half for each in breadth. 
Thu,s crammed together like herrings 
in a barrel they contracted putrid and 
fatal disorders, so that they who came 
to inspect them in the morning had 
occasionally to pick dead slaves out 
of their rows and to unchain their 
carcasses from the bodies of their 
wretched fellow sufferers, to whom they 
had been fastened.” 


If the slav(‘S maik* any trouble on 
the voyage, the lash and Ixiiliiig water 
seem to have been the remedies adopted 
te reston^ order. 

It has been well said that so much 
wnMchedries.s was never condensed in 
so ]ittl(‘ room as in the slave ships. 

Even the British sailors employed 
in the traffic pt'rished in large numbers 
from the contagion on board. More 
seamen di<*d in the Slave Trade in om? 
year than in thc‘ whole remaining 
trade of England in two. 

Appalling Conditions 

The mortality among the poor 
negroes carried across the Atlantic was 
ap))alling. Many diid before they 
sailed from Africa. Then 25 out (if 
every 200 were lost during their j)as 
sage. At Jamaica or other destination 
nine died out of every 200, while in 
the harbours or before the sale, aiul 
one-third more during the ” seasoning ” 
period, that is, betore the sla\'es 
actually settled down to regular work. 
Altogether, not more than filty lived 
to be effective labourers out of eveiy 
hundred shipped from Africa. 

But apart from the terrible deaths 
from disease owing to overcrowding, 
there was a mortality cv^en more 
sinister. When the captain of a ship 
carrying a large complement of slaves 
found on approaching port that many 
of the slaves were .sick and likely to die, 
he would have them brought up on 
deck and pitched overlxxird while still 
fettered with irons. This was done in 
order to be able to claim insurance 
money from the underwriters. The 
.slaves were often insured for as much as 
30 apiece, but if they died a natural 
eath the loss fell on their owners. 
On the other hand, if it could be 
proved that for the safety of the ship 
they had been thrown into the sea, the 
claim upon the insurers held good. 

A captain, tlicrefore, finding that a 
large number of his slaves was likely 
to die before reaching their destination, 
would scjmetiines pretend that the ship 
had been becalmed and that there was 
a shortage of water. He claimed that 
he had a perfect right to throw the 
slaves overooard in order to save the 
water for the white crew and the 
slaves remaining on board. Unless his 
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allegation of the water falling short 
could be disproved, the insurers had 
to pay. There are instances on record 
of such cases l>eing contested in the 
Courts and the British juries finding in 
favour of the .slave traders. 

In a book like tliis the worst horrors 
of the Slave Trade cannot be described, 
but sufficient has been sai<l to show 
how terrible was the dreadful business. 
It seems almost incredible that it was 
only at the end of the eighteenth 
century that any numtx^r of influential 
Christian men began to concern them* 
solves about the Slave Trade. It 
seems even more unbelievable that 
when the facts were put before 
the British public it took 
years of agitation before the 
national conscience ctJiild be 
stirred up sufficiently to 
abolish the trade. 

Human Chattels 

For example, when a case 
was made public of a captain 
throwing 122 sick slaves over- 
board to get the iiisuranct! 
money, the Solicitor-General 
of the day said indignantly : 

What is all this vast 
declamation of human people 
being thrown overboard ? 

The question after all is : 

Was it voluntary, or an act 
of necessity ? Thi.s is a case 
of chattels or goods. It is 
really so — it is thi* case of 
throwing ov(T goods ; for to 
this jiurpose an<l the purpose 
oi I he insurance' t hey are goods 
and prop(*rty ; whether right 
or wrong, we liave nothing to 
do witli it.” Thereujion the 
Admiralty, which had been 
petitioned, took no further 
steps in the matter. 

So-called Christ ian pc'ople 
engaged in the trade and 
shared the jinifils. Fvi’n the 
bills of lading mentioned 
Crod’s name and prayed for 
His blessing on the enterprise. 

” Shipped by the grace of God 
in ^o(xl order and well- 
<'<mdnioned,” begins one of 
tliese document.s, which 
Specifies so many .slave.s, 

” marked and numbenjd,” 
that is, branded with a hot 
iron, and it ends up And so God send 
the good ship to her desired port in 
safety. Amen.” 

In some of the churches prayers 
were offered for a safe voyage, and many 
a churchgoer benefited directly or 
indirectly by the Slave Trade, for if 
he did not actually have a financial 
interest in the shipping of the slaves, 
he at any rate often drew dividends 
from the plantations where the negroc's 
worked. 

It was a few Quakers who first began 
to protest against the infamous trade 
which left such a stain on England’s 
fair name, but for a long time nothing 
practical was done that in any sense 
roused public opinion. 


In the yt'ar 1765 an incident occurred 
in London which may almost be 
regarded as the beginning of the move- 
ment to abolish the Slave Trade. 
Many West Indian merchants when 
tivey came to I^mtlon used to bring 
their black servants with Ihcm. These 
negroes were, of cour.se. slaves, and 
st)metimes they would try to escn)x* 
from their masters. The newspapers 
of the day contained advertisements 
offering rewards for the capture of such 
fugili\i's. 

One morning in 17O3 (iranvilU' 
Sharp, the son o1 the Arcluleacon of 
Northumberland and grandson of the 


Archbishop of York, who held an 
appointment in* the Ordnanctt Oflice, 
was visiting his bmther, a doctor, in 
Mini ing Lane, when he saw a negro 
dragging himsell slowly along the 
street, evidently very ill. He ques- 
tioned the man, and found that his 
name was Jonathan Strong, aiul that 
he liad been the slave of a Barbados 
lawyer named David Lisle. His master 
had brought him to txindon, and one 
tlay be'aten him brutally over the head 
with a pistol, and then turned him 
into the street nearly blind. 

The Sharp brothers look the pooi 
fellow to St, Bartholomew’s, Hospital, 
where he remained for some time 
between life and death, and was only 


healed after four months of treatment. 
The Shar]>s found him employment, 
and every tiling went well tor two years. 

Then one day in 1765 Lisle, walking 
in the streets of T.ondon, siuldenly saw 
Strong looking well and happy" and 
liad him arrested. Granville at once 
applied to Hh; Lord Mayor for a 
summons against Lisle tor dt'taining 
Strong witiiout a warrant. It then 
«ippeared that Stnmg hafl been sold 
by his brutal ovviu'r to a Jamaica 
pkiiiter, but the purchaser refused to 
pay until the negro was safely on board 
a particular shq). the captain of which 
had instTiK'tions to take; him across tlie 
Atlantic. 

'i'hc Lord Mayor gave his 
d<‘( ision that '* the lad had 
not stolen anything and was 
not guilty ol any ollence, and 
was ther(*fore at liberty to go 
where he pl(*ast‘d.” 

Tlu' captain ol the ship, 
howo\'i‘r, sfM/cd tli(‘ negro by 
the arm to lead him oft to the 
ves.sel, when‘U]K»n Shar}’> .said, 

" Sir, 1 chaig(.' you lor an 
asKsault.'’ 1 he cafitam, wanting 
no trouble, let ^o, and Strong 
followed Ins tlelcndt.-r home, 
no one daring to touch him 

Studying the Law 

Gian\ill(* Sharp consulti'd 
ail eminent sola itoi, who told 
him that his acAion could 
not be dt‘lcnd(vl So Sharp 
himseli began to study the law 
conciTning the liberty of the 
person .\s a result of tins 
study he wrot(‘ • " 1 here is no 
law t(> lustdy a churn U) the 
ser\’ilude t>t any man in 
England, native or ali(‘n, 
unless h(' is md(‘ntured for a 
term ol years with his o\%n 
('onsent An Act was pas.scd 
in the ist I‘'dwarii Vl by 
which vagalxinds were made 
slaves, but w.is icfx'aled the 
3rd or ^th of the same reign 
And, besules. the word ' slavi*s ’ 
or anything th«it can justify 
the (‘iislaving of others is not 
to be loiind, God be (hard<efl, 
in any other law or statute 
whatevtT, at least that 1 am 
able to find out,” 

J h* published hiscom lusions. 
but David Lisle brought an action and 
t>])tained ]udgment against Sharp with 
treble costs. 

Hie cas(‘ of Jonathan Strong had 
drawn attention to the matter of 
fugitive slaves in England, arnl when a 
little later James Soinerst't, a negro 
from Virginia who had been brought 
over to London and then left his master, 
was seized and sold into slavery, the 
matter was contested in tlie court of 
King’s Bench. 

Tlie case came licfore Lord Chief 
Justice Mansfield, and the counsel who 
opened the case said that he intended 
to maintciin the proposition ” that no 
man at this day is or can be a .slavt; 
in England.” while another counsel 



Granville Sharp one morning saw a negro dragging himself 
slowly along a London streeti evidently very ill. He questioned 
the man and found he was a slave 
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who t losorl tlio proceed in^js on hchiilf ot 
S(Knerset exprejsstnl the assurance that 
when )ud;<in(‘nt was j^iven slavediolders 
would know once and for all *' that 
when they introduced a slave into this 
country as a slave this air is too free 
for him to hr<Mtho in ’ 

riuu'c was a lon^i; hearing, and then 
the Lord Chief Justice delivered his 
m^Miiorahle jiidunient • " d'he qiu'stion 
IS.” said he, ” whether the captain has 
returned a suHicient case for the de^ 
tamer of Somerset. The case retiinuHl 
IS thtd he had kept him l»y order of his 
master with an intent to send him 
abroad to Jamaica, then: to be sold. 
So )nf»h an act of doiiiinion must 
derive its force from the law of the 
country . and to be justified here mu.st 


The next great stop in the aliolition 
of the Slave Trade was taken in 1785, 
when Dr IVekard, the Vice f'hanccllor 
of the University of Cambridge, an* 
noniKX'd as the subject for the Latin 
disputation of the Senior Bachelors 
the riuestion ” Is it lawful to make 
slaves of others against their W’ill ^ '* 

Among those wdio compcited was 
Thomas (‘larkscm, the son of a clergy- 
iTUin, who won the first prize, but was 
so o\'erwhelmed wnth horror at the 
facts he had dis('ovc^re*d that his success 
gave him no pleasure. 

We are told that as he journeyed to 
London aftcT receiving the prize liis 
mind was so tillc 1 with the thoughts of 
the sufferings of the slavn:s that he had 
to halt anti sit by the roadside, holding 


motion for the total abolition ot the 
Slave Trade. 

This w^as in 1788, and having put his 
hand to the plough Wilborforcc never 
turned back, hut supported by Clarkson 
and the Quakers he carried on the 
struggle for nineU^<*n years, till at last 
in 1807 his (dforts were crowned v\dth 
victory and the Slave Trade was 
abolished by the English I’arlianient. 

The astounding thing is that with all 
the facts laid before the public it took 
so long to firing the conscience of 
England to the condition of saying that 
the vile traffic should cease, so far as 
Britons wcTf c'oncerned 

As can be imagined, it was a terrific 
fight. First ol all an attempt was made 
to bring about scmic,* amelioration of the 


be ju.siifit‘d by the* l.iws 
of England Slavt‘ry 
has been diffc’rent in 
(iilfcMvnl ages and 
States fhe exercise 
of the powcu of a 
mastc'T ovcT his slave 
must be supported by 
the laws ol particular 
c'o u n t r i es . but no 
foreigner c an in England 
claim a right o\'er a 
man ; such a claim is 
not known to the laws 
of England " 

Free England 

r.ord Mansfield con 
dueled by d(‘danng 
that theii.iirn ofslaviuy 
never could be sup* 
portetl Such power 
nev(*r was in ust* in 
I'jigland, or acknow* 
ledgeil by the law, and 
he order(‘fl the man to 
be dischargi'd. ” .As 
soon as a negro ('ome.s 
into England,'' he .said, 
lie bt'i ( lines fn^e,” 

It was a momentous 
decision, but tlie most 



Clarkson after receiving his prize at Cambridge was returning to London when 
his mind became so filled with thoughts of the suffering slaves that he had to 
halt and sit by the roadside 


conditions of the voyage 
from Africa to America. 
It w^as shown thatev'ery 
slave, no matter what 
liis size might be, was 
allowHul only five leei 
six inches in length 
and sixteen inches in 
breadth to lie dowm m. 
13 etvve(‘ii tht* floor and 
the ceiling platforms 
or brotul forms were 
plated on whit'li slaves 
•ilso were packed like 
Sardinia The h(‘ight 
from the floor to the 
ceiling did not exceed 
five feet eight inches, 
and in many ('ases it 
was not more than four 
leet. 

Horrible Treatment 

The men were chained 
two - and - t\vt> togt'tlun 
l)y tlu'ir hands and leei, 
arul wf're also lasteiied 
by ring bolls to 1 hr (h‘( K 
fhey spent fiitts'u oj 
sixti'cn hours Ix^lou 
dei k out of ever\ 
twi'utv four, ami were 


astonishing tiling cdiout brought up in gangs for 

it is that sueh a fact was not publicly his horse by tlie bridle. He determined .in ainiiL lor a few hours 


established till Hit* year lyyz then and there, although he knew When it was desired to give a little 


William Lowpei, the poet in his nothing of what others wore doing, to more spaee to the poor slaves there wa 
” 'Task " dealt with the inatt<T ill fine fight this great (‘vil till it was abolished. a. heated dispute and the House ot 
language whe»> Ue wrote' ' ('laikson published his essay, and Lords threw out the liill twice. The 


Slaws caiuujf brearhe tn Fnglaud . it then 
kifigs 

Iseroivf* our air, that inoineiit they are ircr* . 

They touch our country, aiul their sliacklc^ 
fall. 

'that IS iiohlc, and bespeaks a n.itiou proud 

,\ik 1 icalous of tli(* blossMi«. Sprc.id it, then, 

And let it nrcul.itc through every vein 

Of all voui Kiupirc ; that when* llrilain^ 
power 

Is lelt, mankind may iecl her merry, too 

Four years after JvOrd Mansfield's 
great dtx ision a Member of J^irliament, 
David Hartley, moved in the House 
of C'ommons a n^solutioii that “ the 


giadually as the terrible tacts became 
known, a numlxT of g<»od men came 
togellier to unite in a movement tor 
the abolition of the Slave Tratle. 

One oi tiie.se was young William 
Willx’i'force, tin* son of a wealthy^ Hull 
men h.uit, who wliile yet a boy wrote a 
lett(*r to a new.spaper against " the 
odious trattic in human flesli.” When 
he grew up he enteretl Parliament, and 
lK*came .so friendly with William Pitt, 
the ITime Minister, that the two were 
almost like brothers. 

One d«iy the two young men were 
sitting at the renfi of an old tree in 


third timi* it was pas.sed. 

It is satisfac toi y fo know that Wilbe‘r- 
loi'ce was siip]iorted in his attempts to 
abolish the trade by such men as Ifiirko, 
Pitt and box. When, as a preliminary 
measun*, attempts were made to 
n'giiJate the trattic, Fox .said, ” With 
regard to the regulation of the Slave 
'1'ra.de, T know of no such thing as the 
regulation of robbery and murder." 

It is also interesting to know that 
the \’(*ry last letter that John Wesley 
wrote was one on February 24th, 1701, 
addressed to Wilberforce, in which he 
said ; 


Slave 'Trade was contrary to the laws 
ol Clod and the rights of men." It 
seems incredible that this motion w^as 
lost, but the legislators were not yet 
sulliciently educated in moral values to 
t>elieve the statement true. 


Hoi wood just above the steep descent 
into the valley of Keston in Kent, 
discussing the Slave Trade, when, 
urged by Pitt, WiIlK.»rfon:e resolved to 
give notice in the House of Commons 
of his intention to bring forward a 


" My dear Sir. — Unless Divine power 
has raised you up to be as Athanastas 
contra mundum, I see not how you can 
go through your glorious enteiprise, in 
opposing that execrable villainy which 
is the .scandal of religion, of England, 
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itnd of human nature, Tnloss God lias 
raised you up for this very thing, you 
wilJ bo worn out by the opposition ^)f 
men and devils ; but if G(k 1 be for 
you, who can be against you ? Are all 
of them together stronger than C’.txl ? 
Oh f be not weary of wt'lbdoing. (to 
in the name of God and in the jxiwit of 
His might till even American slavery, 
the vilest that ever saw the sun, shall 
vanish away before it. Phat He who 
had guided you from j'our youth up 
may continue to strengthen you in 
this and all things, is the prayer of, 
dear Sir, your att’ectionatc st‘rvant. — 
John Wkslkv.'’ 

When the Housi' of ( ominons was 
finally induced to resolve that the trade 
should cease on January ist, 17O0, a 
similar motion brought forward 111 the 
Lords was postponed in order that 
further witni‘sses might b(' (‘xamined. 
ICvcn a Bill brought forward in the 
('ommons to abolish that part of the 
tr.ide by wlndi British merchants 
supjilK'd foreign settlements with slaves 
was lost, and when later on it was 
canied m the ('ominous it was defecated 
m the Lords. 

Progress Despite Setbacks 

All tile linn* V\'ilberior('(‘ vvcirKed like 
a Trojan When alter sex eral rebuffs he 
brought his measure for abolition once 
more l)(*fon' the House of ('oinmons in 
iSos) and lost the second reading of the 
Bill by a small margin, he wrote 
" lin'at c anvassing of our eneinic's 
and scweral of our friends absent 
lliiougli forgetfulness or aeeidc'nf or 
cMii'agc'ment.s prefen ed from lukt‘- 
warmness.'* He hail the matter of the 
.slaves so nuieli at h(\itt tliat it inter* 
tered with his rc'st “ I eonid not 
slc'ep, ’ lit' wrote iii his journal, *' altcT 
first waking at night 'Hie pool blacks 
rushed into my mind, and tlie guilt of 
our wicked land.'' 

But despite all setbaeks, steady 
progre.ss was madc^ Ou June loth, 

I'ox brought loiw.iril a rc'solu- 
tioji that (‘Itectiial measiirt‘s should be 
taken for the abolition ol the Afnc.ui 
Slave 'I’radc' m sneh a manner iuui at 
such a period as should be deemed 
advisable. ” 'Hus Wcis carried by a largo 
majorit}'^ and a similar resiliition wuis 
pas.sed by the House ol Lords. 

Then a J^ill was jiassed through both 
Houses forbidding tlie employment ol 
any new vessels in the trade, lonally, 
in 1807, a Ltill was passeci eiuatiiig th.d 
no vcs.sel .should clear out for slaves from 
any port within tlu' British Domiiiioii.s 
after May ist, 1807, and that no shivc'S 
should be landed in the British ('olotiies 
after March jst. 1808. 

But although the nefarious Slave 
Trade was thus made illegal, so far as 
Englishmen were concerned, slavery 
still existed in the British ("olonies, 
and in other parts, and slaves were 
wanted to replace the many deaths 
among the unfortunate negroes on 
the American and West Indian plan- 
tations. 

It therefore became very profitable 
to kidnap large numbers on the African 


coitst and smuggle them acros.s the 
Atlantic. 

To make a slave running expcxlition 
piiy, the slaves had to lx: caj)tured 
wholesale and packc'd in the hoM more 
tightly th.m ever. Nnturally, the* 
mortality was terrible., t^ne small ship 
carrying 7^7 lost t3(» on its \f)yagi‘. 
The ( cjiidition of the shijis can be; betl(‘r 
imagined than doscrilx'd. A British 
naval olfirer engaged in suppre.ssing the 



William Wilberforce when he began his 
great fight against the slave trade 



Wilberforce m old age, after he had seen 
the triumph of ^lis efforts 


drcMillul Indtic dccl.ited that one c. ould 
})ositivc‘ly smell a slave shij) Jive* miles 
down wind. 

It is not snr])rising that the* men \vhc) 
could engage in such a trade Ixuame 
first callous, then cruel, and finally 
so lost to all sc'iisc cif det'cncy and mercy 
as to be capable of anything. I'liey 
feared neither (rod nor man nor devil. 
Although wc know this, yet still it 
seem.s almost inipo.ssible to Ixdievc 
that a certain recorded incident really 
happened, and that within the lifetime 
of the i>aTcnts of jieople living to-day, 
were it not thoroughly well authen- 
ticatetl 
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JJritish wai ships, of course, ii.sed to 
sail the seas watching for the.se slaving 
vesse'Is, and when tlu‘y saw one they 
would pursue it and, if jxissiblt^, take 
po.ss(\ssion. 'Hie penciltie.s ol lx:ing 
caught were heavy, but the law, made 
by men who had never reah.sed the 
flepths of crime and wickedness to 
which cnH‘l and desperate villains 
would descend, declared that the ship 
could only be confiseaied if the negiws 
were actually found on board. 

'Hie rt‘snlt of this knv was fliaf rn.uiy 
*1 captain of a. sla\er h.is thrown his 
negroes cncTboard Ixdore captiiie, so 
that the neces.s.irv evidence against 
him might Ix' wanting. 

But (or slu'CM* 1 nielty and callous 
wickcsiiuss (aptam Homans of the 
brig Lh'ilhwtv exc'ec^ded all his con 
tem])oraries. 

He was carrvmg six liundred negroc's 
to America when lu' suddenly saw four 
watships ap|>roac'hing from fourditfcu- 
emt (liic'ci ions. I'o csi a])(‘ them was 
impossible, and it was cpiitc' certain 
the ottiei^rs would board his vessel 

A Terrible Deed 

W'luMi the w.irshi])s w'(‘r(‘ first seen 
it was late altc*rno(»n, and soon after- 
wauls tlu‘ brecvc' droppcsl, which 
delayed tlu' \essels in their approach, 
Harlou'ss tell bc-iore the first warship 
was near (Mioiigh to lire acaoss the 
bows of the s!a\eT as a signal to slop 

('a])tain Homans did not lu'sitati* 
fora moment Nf> <|ualms ot tons aenc e 
worried him , no li'elnigs of fiiiiiianity 
lingc-red m 1ns soul He gave' 01 dens 
Ic^r the hirgc'st .inehoi on 1)u' ship I0 
l>e made ready tor dropping. '1 he 
tliain cable* wha li lu'ld it was haulcsl 
out tlnoiigh tlu' haw’S(‘-]*ipe and 
stretched lonnd llu* ship on llie ontsuh* 
ol th(' rail 

Them unclc'r n»ver <»t tlx* ctarkuess the 
,sla\(‘s WTK* brought iij) from below -six 
hiindnul ol them, all living men ol 
flc'sh and blood ;md phu csl rcaiiul Ihc* 
rail ol the shij> in piles. Each man or 
groii[)ot men w as bound to the anchor- 
chain bv strong lopt^s fastened t(> the- 
manacles. 

Tins had hardly Ixtii done* when 
the splashing of oars was heard, and 
it w.is re.ilist'cl on the* Hn/hufc tlial 
the boats troiii the; warships were 
ai>}U'oaching. 

('ajU.nn Homans immediately sc‘t 
about reinoMiig the* ('vidence from his 
vc'sstd. He gave c>rd(*rs to his men to 
c ,isL loose the anchoi. There wms a 
grinding .sound as the chain lollowed 
the anchor, shrieks and groans rang 
out, and then a prolonged wad th.il 
was soon siUmced, and m a moment 01 
tw’o .six Imndred living negroes liacf 
gone* ov(*rboard and sunk in the blac k 
waives. 

Tli<* crii's ot the slaveys were hc'ard 
by the; sailors approaching in thc" 
boat.s, and they knew what it meant. 
The horror of it appalUxl them. Tough 
as they were, the wickedn<;.ss of the 
slaver captain made them fear. For 
a moment they hesitated, then rowed 
on and boarded the brig. 



ROMANCE OF BRiTlSH HISTORY 


Tim odour ol the slaN'cs, an odour 
which could never be mistaken, clung 
to the vessel in every part, some of 
iht’ir manacles W(’re lying about, great 
})ans contained the food pre])anHl for 
their next meal, but not a single slave 
was on board, and so iin legal evidence* 
of the captiiin's crime existed. Captain 
Homans jec’fed in the fat es of the 
boarding olfieers. and he went scot-free 
with his vi'ssel. 

Such was the slave trade of less 
than a hundred years ago, for the 
smuggling ot negroes across the Atlrmlic 
Went on till after 1830. 

Th(' friends of the slaves in l-'ngland 
now l>(‘g<ni to work for the 
abolition of slavery itself 
throiiglu)ut the British 
1 )omnuc>ns, anti here thev had 
even a fiercer light tlian in the 
campaign to end the Slave 
'J rade- 'I'iiey b(‘gan to let t la- 
pi iblic know the conditions of 
the slaves on the plantations. 

Brutal Laws 

Under British law, in some 
('olt)nies a Tunaway slave 
absent for a month might 
have* Ins ears cut oft, or be 
hamstrung or braiideti. Any 
one might kill a runaw ay slave, 
who had been pioclaimed, and 
in Jainaita the slave might 
have tine foot cut oil after 
thirty days’ absence. 

Allot lier great and good man 
now came h^rward to continue 

Ilu‘ work of Wilberforce 

I ho mas Kow'cll Buxton 
Willx-rforee had written to 
Ihixton asking him to take up 
the anti-slavery cause, plead- 
ing his own growing infirmities 
as the reason for the nei'cl of 
a new' leader. 

Buxton agreed, and with 
other men like-minded, in- 
cluding Zachary Macaulay, 
father of Loid ^^acaula\^ 
began the campaign. 

The first .step w'as a petition 
to Parliament in 1S23 from 
the Society of Friends, pre- 
sented by Wilberforce. A few 
wei'ks later Buxton moved a 
resolution that the stale ol 
slavery is repugnant to the 
principles of the British 
Cmistitution, and of the Christian 
religion, and that it ought to be gradu- 
ally abolished throughout the British 
('( doilies with as much cxjmdition as 
may Im found consistent wuth a due 
regard to the well-being of the ]mrties 
concerned." 

The Government dared not openly 
o])pose such a rt‘sohition, but suggested 
that any plan of change should in the 
first place be submitted to the Colonial 
legislatures, and circular letters were 
sent to these boilies with the Govern- 
ment's recommendations, which in- 
cluded the abolition of corporal punish 
ment for females, ami the prohibit i m 
of the separation of families. The use 
of the driving whip was alsk^ to end. 


But the planters ixise in indignation 
at any such suggestion, and the 
Odonial legislatures declined to act. 

Space iloes not permit of the whole 
story being told of this vigorous 
campaign to end an abomination. 
The anti-slavery leadt^rs were slandered 
to throw discredit on them and their 
lause. Willx^rforce was described as 
a man wh<» beat his owui wife, and it 
was lalsely declared that Buxton had 
himself held slaves, the time at which 
this was sup}K)sed to have taken place 
being when he was a child of tender 
years. 

By this time, although Parliament 


wa.s supine, public opinion throughout 
the country was getting thoroughly 
rou.sed, A crowded mec*tmg was lielci 
in Freemasons’ Hall, London, in 1830, 
when Wilberforce took the chair for the 
la.st time, and Clarkson was also 
present. Buxton moved the resolution 
" that no proper or practical means 
should be loft unattempted for effect ing 
at the earliest period the entire 
abolition of slavery throughout the 
Bri t ish Dominions. ’ ’ 

After several sj^ieeches, a magistrate 
rose and said, amid general applause : 
" The time is come when we should 
sfieak out and speak boldly our 
determination that slavery shall exist 
no longer." And he proposed as an 


amendment " that from the first day 
of the next year every slave born 
within the King's Dominions should 
be frixj." The amendment was greeted 
with loud and long applause, and 
carried with acclamation. 

In the same year a great meeting 
was held in Edinburgh at which 
Dr. Andrew Thomson said t "We 
ought to tell the legislature plainly 
and strongly that no man has a right* 
to property in man ; that there are 
800,000 iiulividiials sighing in bondage 
under the intolerable evils pf West 
Indinn slavery, who have as good 
a right to b(' free as we ourselves 
have ; that they ought to he 
free, and that they pnust be 
made f ree . " T umult uous 

aj>plause greeted this state- 
ment. 

Attempts were still made 
to 1 n d u c c the C- o 1 o 11 i e s 
them.selves to bring alx>ut 
the abolition of slavery, 
but nothing I'oukl move 
the planters. They inain- 
triined that slavery was 
necessary and was npt at all 
an evil. 

A Long Fight 

Hut the advocates of 
abolition continued th<*ii 
uphill work. At last, in 1833, 
the ministry of ]-:arl Grey 
took the (luestion ui hand, 
and the At t tor the .ibolilion 
of slavery passed both Hou.ses 
of Parliament in -August and 
rccciv(‘d tlu; K»iya) Assent 
on the 28th of that month 
A sum of ;f2o,ooo,o(>o was 
voted as eonipeusalion to 
the planters, and in order 
that there might lie no labotir 
upheaval a systiun ot ap- 
prenticeship tor .seven years 
W'as establish(*d, during which 
the slaves were bound to work 
for their masters lor three- 
fourths ot each day, the 
masters in return being coin- 
|X‘lled to give them adequate 
food and clothing. All children 
under six years of age were 
be marie free at once. 
Eventually the slaves were 
given complete freedom in 
August, 1838, instead of in 
1840, as originally arranged. 

It was a triumphant ending to a 
great battle, or rather a war, that had 
lasted for more than half a century, 
and the example of Great Britain was 
gradually followed by the other Euro- 
pean Stales. Some American States 
also abolished slavery, but the evil 
lasted on in a large part of the United 
States, as already mentioned, till the 
end of 1862. 

It is sad to know, how'ever, that 
slavery still exists in several parts of 
the world, but saddest of all to think 
that this is the ease in Liberia, a state 
on the West Coast of Africa which was 
established as a home for emancipated 
slaves from America. 



Sitting at the root ol an old tree above the valley of Keston 
in Kent Pitt and Wilberforce discussed the slave trade, and 
Wilberforce resolved to bring forward a motion in the House 
of Commons for its abolition 


A TOWER & A PIT FOR STUDYING THE SUN 

In recent years many wonderful telescopes have been built, especially in America, but none is so remarkable 
in its form as this great solar telescope at Mount Wilson Observatory in California, which has a derrick-like 
tower rising 150 feet into the air, and is continued by a pit sunk 75 feet into the ground 


A very impor- 
tant part of 
the modern 
astronomer's work 
is the study of the 
Sun by meiins of 
that wonderful in 
strumemt the bpt‘c 
troscope, which has 
already been dc 
scribed on page 45 r 
Now most of th<* 
modern apparatus 
with wliich the 
examination of the 
Sun is made is very 
large and heavy 
and cannot bi‘ 
moved easily to 
follow the move- 
ments of the Sun. 
When tlierefore the 
spcctrosi ope witfi 
whicti the astron 
Ollier is working is 
large it is kept 
fixed and the light 
of the Sun is re- 
flected to the len.s 
or mirror b}' means 
of an instrument 
know 11 a s a 
coelostat. 

r h c n a m e 
“coelostat" is 
made up from two 
Latin words mean- 
ing “ the sky" and 
to stand and a 
coelostat is there- 
fore an instrument 
which makes the 
heavens stand still, 
that is, so far as 
the si)ectroscope is 
concerned. 

It consists of a 
plane mirror, 
mounted on an axis 
parallel to the 
iCarth's axis, which 
is rotated by clock 
work. From this a 
beam from the Sun 
is reflected by a 
second mirror to 
the spectroscope 
and can be kept 
stationary as the 
Sun makes its ap- 
parent journey 
across the heavens. 

The most re- 
markable telescope 



Here we see the inside of the great tower telescope at Mount Wilson Observatory. On 
the left is the tower with the coelostat at the top to catch the Sun's image, and on the 
right drawn to a rather larger scale is the pit at the bottom of which the spectroscope is 
kept. The Sun's beam is reflected from the coelostat to the spectroscope in the pit 


in the world UvSed 
for studying the 
Sun is the great 
tower telescoj>e at 
Mount Wt Ison Solar 
Observatory ni 
('ahlornia. A 
photograph of tfiis 
is given on the 
next page. 

towei IS 150 
led ingh, but tins 
is not the whole of 
the apparatus, for it 
IS continuefi down 
into the Earth with 
a pit 73 f4*et deep 
at the bottom of 
which is the spec- 
troscope. In the 
httl(^ observatory 
perched on top oi 
th<‘ fall towtT IS a 
coelostat. and tins 
reflects a beam o( 
sunlight vertically 
(iownwaiils tlirough 
a lens upon the slit 
of the spec t rose op(? 
m the pit, wli(‘re 
the i>hotognipli of 
the spectrum in 
taken. 

It is* mxessary 
when making these 
careful observa- 
tions of the sun- 
liglit by means of 
the spectroscopf^- 
that an even tern 
|>erature should be 
maintained. Other 
wise the air moves, 
in tremors which 
cause what i.s. 
known as'* boiling" 
of the image. 

By jilacing the 
spcctroscojw far 
below the ground 
level the tempera- 
ture is kept con- 
stant, a n d by 
having a tall tower 
like that of the 
Mount Wilson tele- 
scope, the air at 
the place where the 
image is received 
by the mirror, being 
so far from the 
ground, is kept 
nearly ftee froiT> 
tremors. 



THE TOWER TELESCOPE AT MOUNT WILSON 



telescope is at Mount Wilson Observ'atory, California, and is known a« the tower telescope. It is 150 feet hiirh, 
^ observing the Sun. Theoretically, a telescoj^ has onJy^wo Icnse^ a 

lenf Jt tSfirh **’'* * ““*i“ ?? “.*® form M image near tha small end of the tube, and another 

lens at that end which magnifies the image to reveal more detail Actually both lenses consist of several lenses placed close together 
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DARK CLOUDS THAT BLOT OUT DISTANT STARS 



Here is a photograph taken with the biggest telescope in the world at Mount Wilson Observatory, California, showing part of what is 
known as the North American Nebula, It is in the constellation of Cygnus, or the Swan, and the photograph shows the northern 
part of this nebula, where there are black masses that are believed to ^ enormous clouds of dark gas that blot out the view of the 
stars beyond them. It was once thought that these black spots were empty spaces in the heavens, but they are much darker than the 
intervals between the stars. In those intervals there is a faint luminosity due to the light of other stars far beyond, too distant to be seen 
as individual points of light. These black patches of the nebula, however, are much blacker and astronomers tell us they are 
undoubtedly dark masses hiding the stars that must lie in vast numbers behind them 
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The Eddystone Lighthouse is the most famous of ail the lighthouses round the British coasts, and it was the first of the modern type 
built in the form of a tree trunk, with its blocks of masonry interlocked with one another and with the rock on which it is built. Here 
we hai^ a remarkable photograph taken against the setting Sun, showing the lighthouse in silhouette, as seen from the deck of a ship 
some little distance away Close by is the stump of Smeaton's lighthouse, erected in 1759, which was used as a beacon till i88a, when 
the newer lighthouse was completed and brought into setrice. The beam of the present lighthouse shines out 135 feet above high- 
water mark, but from the bottom of the lowest course of masonry to the top of the lantern the height is rather more than 270 feet. 
From this point of view we get, of course, the best idea of the lighthouse. If the photograph were taken from a boat near the base 
we should get a wrong impression of the general contour of the building, and if it were taken by an airman from above it would look 
a mere sp^k. On the left we see the relief boat and provisions are being hauled up from it to the lighthouse 
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WHY THINGS LOOK SMALL AT A DISTANCE 

While everyone knows that an object viewed from a distance appears smaller than when seen close at hand, the 
reason tor this fact is not so well known. 1 he pictures on this page and the previous one explain the matter 


W i: nuisi all have iiotired that tJn.* 
farther away a thing js the 
smaller it hx ks. A railway 
train seen from a mile 
away looks like a boy's 
toy train. The Isle of 
Wight seen by an air- 
man three or lour miles 
up looks like a paving 
stone, and it we loolt 
down an avenue of tall 
tre(*s the trees apj.H*ar 
smaller and smaller the 
farther they an' from 
our eye. 

Why is this ? Well, 
when wc look at an 
object, say a tree or a 
vase, rays of ligJit ( ome 
from the top of it and 
from the bottom as 
well as the other jxirts, 
and passing tJiroiigli 
the crystalliiu' lens in 
front of our eye m*oss 
and are focused r)n tlie 
yellow spot on the re- 
tina or curtain at the 
bark, wlmh is the real 
sei'ing point of the eye. 


The *'i/.e which the object appears to 
have depends upon the alible with wliurh 
these ravs meet when the\' cross one 


aiK »t her m l lie ( l yst a llnu* k‘ns The w id(‘i 
1l)t‘ angle the largiu' the object appears, 
and, on the olh(*t hand, the smaller the 
angle th(' smaller th<^ 
imagi' of the object. 

As we can see Irt^ni 
the diagrams on this 
page, the angle gets 
smallei tlu' farther 
away the ohji'ct is 
from our eye, and the* 
I snudler the angle, it is 

; t lear from tlu‘ dia- 

grams. Iht' smaller must 
be the object thrown 
on the ndina. 

i The horizontal line m 
lhi‘ diagrams is calUsl 
the principal optic axis, 
and the angle at w'hich 
the slanting rays cross 
in the lens is the visual 
angle. 1 f wv. look at an 
object with both eyes 
rays ol light pass be- 
twaxm the r)]))ect and 
tiie eyes, and the angle 
which these rays make 
wluTf* they meet on the 
ol >iect IS t he opt ic angle 



When we look at an object rays of light from the top and bottom as well as from 
other parts meet in the lens of our eye nod cross one another, forming an image on 
the retina or curtain at the back. The tt|e of the image on the retina depends upon 
the angle at which the rays from the oh^ct cross one another m the lens. This is 
made clear by these diagrams. The tljpter one shows the object near, the lower 
one showi if farther away 



Men at a distance from the top of the cliff, as showiv it appears only like a Hny model of a lighthouse. Contrast the lighthouse as seen from this 
point ol view with the photograph of the Eddystone Lighthouse on the opposite page, seen much nearer from the deck of a ship 


SIMPLE EXPERIMENTS WITH A MAGNET 


M os ‘1 boys and girls possess a horse- 
shoe iiiiigiU‘1 and amuse Ibcm- 
selvesby lilting lacks and othci 
iron objects but we may carry out a 
number ol interesting exj>eriments 
with the magnet which will teach us a 
good deal about the iriysterious |)OWcr 
of magnetism 

The hoiseshoe magnet is simply a 
bar magnet bent round into the rough 
shap<‘ of a horseshoe so as to bring the 
two ends near to one another and thus 
act together upon the same piece of 
iron. One end of the magnet is called 
the north pule and th(‘ otluu’ the 



The magnet attracts iron filings to its poles 


south pole. It would be rnon^ correct 
to call tliesc the north -staking and 
south-seeking ]K) 1 es, as we shall see, 
Let us suspend oui magnet by a 
Ixiotlaci' trom a Viar. The magnet will 
sw’ing round to and fro for a moment 
or two till it comes to rest in a certain 
dirc'ction H now we give tiic* magnet 
a twist it will swing round again, but 
will c'veiitually come to rc'st hanging 
111 the same direction as before Tliis 
direction is north and south. The 
r<‘ason is that tlie Larth is a magnet 
•md the poles of the hanging niagiud 



Th« big magnet turns a chain of tacks 
into magnets. On the right a canister 
made of tinned iron is held up 


seek the North and South magnetic 
Poles of the Earth. 

Now let us dip our magnet into a 
box of tacks or iron filings. When we 
take it out there will be a cluster of 
tacks or filings adhering to each pole 


f^f the magnet. Not only will thosc^ 
tac ks that arci in actual contact wath 
the magnet adhere, but others which 
are not toucliing the magnet but are 
in contact with othc‘r tacks will be held. 

The tacks adhering to the magnet 
thein.si'lves become magnets by what is 



A suspended magnet turns north and south 


known ns induction. We can prove 
this by another ex|K*riincnt Suspend 
one* tack to one of the poles ot the 
magnet. Now' to the end of tlie tack 
.suspend another aiuj them anotlier 
W<* shall thus g(‘t a chain of small 
magneds by induction. 

Next led us sprc'ad some tacks or iron 
filings on a post card and move tlie poles 
ol the horseshoe magnet about under 
neath the card. The lacks will be 
mov'exi by the magnet, for fhc' rnag 
iicdism acts through the card. The 
same thing happc*ns it w’c put the tacks 
on tile table and move the inagntd 
under the* table, in contact with the* 
wood. 

It we hold the magnet to a stiwiII tin 
it will attract and supj>urt the tin 
Wliy LS this, lor a magnet will not 
attrait tin ? The re-ason is that a tin 
is really made from shecd iron coated 
with tin. 

IMace a c'omjia.ss on the tablc^ and 



A floating magnetised needle comes to rest 
pointing north and south 


bring the magnet near. The compass 
necicile will move. We shall find that 
thc^ north jxile of the magnet will rejxd 
thc^ north pole of the needle for like 
rep<‘ls like, but the magnet’s south 
fxjle will attiact the needle’s north pede 
Now let us make a new magnet. 
Wc take a large darning needle? and 
stroke it several times along one arm 
of the magnet, always in the same 
direction. After a fenv strokes it will 
have l>c*comc a magnet and will attract 
iron filings. Make? another similar 
needle a magnet. Now' su.spend one? by 
fi thread It will hang north and 



The magnet ’s power exerted through card 


south It we bring the other near it, 
we shall find that like j>olcs repel anel 
unlike atlrae f. 

Nc'xt lav erne of the inaguc*tisi‘d 
needles on a small pic‘ce of catd or pa pci 
on a bowl of wafer. T'he^ nc'edlc* will 
turn the* card naind till tlie* ne'c'dlt* is 
lloating facing noitli and south. 'I In* 
same thing happe'iis it the? needle is 
stuck through a small i ork and .set 
lloating 

If instead of a horseshoe magnet wc* 
get a bar luagne*! we can make anotlu'i 
magnet by stroking a bar of steel with 



A needle magnetised by stroking it again 
and again in one direction across one pole 
of a magnet 


one pole always in the same direction. 
It does not matter which pole of the 
magnet wc u.sc. 

Many other interesting experiments 
with a magnet will suggest themselves 
to any clever boy or girl who gives the 
matter careful thought. 
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WONDERFUL FORCE OF NATURAL INSTINCT 



As told in page 131^, the salmon divides its life between fresh water and salt. In the sea it feeds and grows strong until, in late autumn 
or early winter in Great Britain, it is impelled by instinct to ascend a river to spawn. Its eggs will develop only if deposited near the 
source of a stream, in shallow fresh water flowing quickly over a gravelly bed. To such a place the adult salmon makes its way, whatever 
the obstacles in its path ; it will even (like the specimen above) leap and leap again until it has surmounted a waterfall 
To/aci page 13^1 
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RIVERS THAT FLOW OVER A PRECIPICE 

There is no physical feature on the Earth s surlace that is more majestic and inspiring than a great waterfall. 

Such falls as Niagara and the Victoria Falls in Africa inspire all beholders* and man never feels smaller than 
when in the presence of one of these rushing cascades. Here we read how the waterfalls have been formed 


A watkrfall is reeilly a river 
flowing over a precipice. 'J'his 
is seen clearly in the, case ot 
Niagara, where the Niagara Kiver 
suddenly makes a descent of 155 feet 
and then continues its course to Lake 
Ontario. 

A ft‘w big waterfalls stand out in the 
popular imagination, as, Jor example, 
Niagara and the Victoria Falls on the 
Zambezi River in Africa. Rut there 
are thousands of waterfalls, many 
on a big scale, in different parts of 
the world. 

Such falls occur generally in moiin* 
tainous country, and they are often 
due to a change in the geological 
slnudure f)f the rocks. A mass of hard 
rock, through what is known as a laiilt, 
or some other cause, is in contact with 
a mu('l) softer fotmalioii, and the river 
in tiu' cours(^ of ages vv(‘ars away the 
sofUT nnk till at last it pours over a 
prccipu'i' of harder rock that is left. 
In the coursi‘ of tune it wears this also 
away, but veiy skwvly. 

Niagara, a.s we ktunv, retires a little 
f.irthei ev(‘ry year bv the wearing and 
tailing ol the rocky clitt ()V<*r whieli it 
pours, JCvtMi wlieri' a riviu* flows 
uV(U a hard lav<M* ot rock then* is fitten 


softer rock in the strata b<-low, and as 
lliis js worn away by the action ot th(' 
watiT the overhanging hard rock 
becomes top-h(‘avy and at last falls. 
We s<*o how this occiir.s at Niagara in 
the pictures that are given on jiagi^ ,^7. 

A common caust'- of a waterfall is 
the accidental diversicm ol a stream 
fiom its original course This has 
happened in a good many cast's in the 
United Slates, a diversion being due 
to llie interferenc e by a dam built up 
of glacial de]H>sils in a far-distant age. 
Boulders and diift material carried 
down by the glacier have* accumulated 
and turned the river m the direction 
of a precipice over which it now 
dc'se ends. Somcdmies the fall is brokcui 
up, and then, iiLStead of a majestic 
(Ic'scenl of a hundred fc'et or more', there 
is a sines of cataracts 

In the Ihiitc'd States alone there are 
thousands ol waterf.dls. many of them 
ot considerable dimensions. 

While the ma|ority ot watc.'rlalls are 
found in mountainous districts, there* 
are some in more or Ic'ss levc 1 (.ountrv, 
though thc'v are by no nusans so com- 
mon, and thc’ir do|')tli of tall is much 
less. But what is lost in dejith is made* 
up in grealcT volupie of water. Such 


tails generally cx'cur where a river 
passes from a’highcT to a lower plateau 
or plain, the upper plateau being edged 
with hard rock. 

Waterfalls usc.vl to be regarded 
merely as beautiful natural phenomena, 
but now thcjy are Ic’ioked upon as sources 
of power, and more and mon^ of these 
falls are being harnessc'd for use. 

As to the d(‘pths that the water 
descends whem it tc^pple.s over the 
precipice, this varies cmonnously in 
different parts of the world. Vicioria 
Falls are 357 fec't, but there are scores 
of waterfalls in the world that have; 
much grc‘atc‘r drops. The.* Widow’s Teai*'^ 
in the Yosc‘mitc' Vallc*y for exam{))e. 
fall 1,170 feet, and m the same* valley 
theu'o are two other falls even great(*r. 
The Upper Yosemite halls are 1 ,430 i(*c*t , 
and the Ribbon Fall i,l)i2 fc*e 1 . 'J'hc* 
Roraiina h'alls in Untish (hiiana arc 
i.Soo feet clcc*|), and the Sutherland 
Isdls in N(‘W’ Zealand i.tjoj U‘el, wink* 
there an' hills on the* Ttigt‘Ia in Natal 

ol !,',!(>0 1(M'l 

Where* a coiintiv has no coal or nil 
supplies, hilt an abundance of falling 
water, it is able to j^roduce a < heap and 
adocpiate supply ol electric jiower tor 
transport and industrial purpose's 



The awe-inspinng falls on the Laga River in Central Chile, south of Valparaiso. These falls, which are aptly called the Niagara of 
South Amerlcai are a worthy rival of the actual Niagara Falls in North America. A vast volume of water pours over this rocky precipice 
every hour, and plans are being drawn up to utilise the water power for the production of electricity 
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THE MOST TREMENDOUS EXPLOSION IN HISTORY 


T h k hk were 
some tre 
III e n d o u s 
explosions of 
ammunition dumps 
diiriiu:( the First 
and Second World 
Wais, and lliere 
ha\'e been e v e n 
more terrific ex- 
p 1 () s i o n s as tlie 
result of detonat- 
inf( atom bonilis. 

hut ii(‘V(‘r III re 
corded history has 
there Ixsmi an ex- 
plosion like that of 
KrakaUia in the 
Strait of Sunda 
between Java and 
Siiinatm, when this 
\'(>lcanir island blew 
III) with a titanic 
roar that was heard 
in Southern Austra- 


' '' '• a' ^ 



The island of Krakatoa as it must have been in past ages 





The island after a great mass was blown away in geologic times 


lia 2,200 miles away 
and on the island 
of Hodn^uez 3,000 
rnil<‘s distant. 

T'his a m a z i n 
explosion occurnxl 
on Aiupist 27, 1883, 
and two-thirds of 
the island were 
bio w n a w a v. 
Whert‘ the mount- 
ain stood m th<‘ 
centre of the island 
there was after- 
wards a depth of 
sea of more than 
a thousand fe<'t. 

When we throw 



The crater ring at a later date filled with small cones 



The form of Krakatoa just before the great upheaval of 1883 


a stone into a pond 
a seru'S ol i‘ver- 
widening ripples is 
created oil the sur- 
face of the water 
and eventually 
reach the margins 
of the pond. The 
Krakatoa explo- 
.sion set up vast 
waves in the siia 
which travelled 
lialf round the 
Earth and on their 
way rose fifty feet 
at the neighbouring 
i.slands. The coasts 
of Java and Suma- 
tra were inundated, 
nearly 300 villages 
were swept away 
and over 30,000 
t>cople drowned. 

The waves set 
up in the air by the 
huge explosion 
were even more 
wonderful. A scries 
of gigantic waves 
was propagated 
through the a i r, 
which embraced 



Krakatoa to-day with deep sea where formerly there were craters 



The island of Krakatoa and its surroundings, as seen from the air before the great 
explosion of 1883 and, on the right, after the explosion. A great part of the island 
way blown away in a few moments, and where formerly there stood a mountain there 
was, after the great upheaval, no land but only a deep sea 


the whole globe, 
and travelling in 
both directions 
from Krakatoa met 
on the other side of 
the globe and then 
diverged to meet 
a^ain at the scene 
of the explosion. 

A second time 
the waves spread 
round the Earth 
and a second lime 
returned. Seven 
times, says Sir 
Robert Ball, did 
that marvellous 
series of waves en- 
circle the globe and 
affect the reading ot 
every barometer in 
the world. The 
waves took 36 hours 
to travel from 
Krakatoa to the 
i.slaiid's antipodes 
and the .same time 
to return. 

It was estimated 
that the dust and 
steam were shot 
ii}) into the air lor 
over tw^enty miles, 
and the .sky over a 
large area became 
black as night. The 
inten.se darkness 
spreatl lor ci dis 
ttince of i8d miles 
all round. 

As to the noise, 
at Batavia 1)4 miles 
away it was deafen* 
ing .\t JVIaras.sai 
in the ('el(‘bi‘s c)()g 
miles distant it was 
scj loud and sinuned 
so near that ships 
were sent out to see 
it a nearby ves.sel 
wa.s in trouble. Tn 
the island of 'J imoj 
1.351 mile.s away 
the people were 
.scared by the sound . 
The noise of the ex* 
plosion took more 
than four hours to 
travel acro.ss the 
Indian Ocean to the 
island of Rodriguez 
3,000 miles away. 

Three times the 
dust from the vol- 
cano travelled 
round the Earth, 
giving rise to very 
beautiful sunsets 
which were seen in 
[^ondon. Even the 
Moon's appearance, 
as seen in Europe, 
was changed by the 
dust in the atmo- 
sphere. 

There has never 
been such an ex- 
plosion in history. 
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HOW THE SEA VARIES IN TEMPERATURE 


A nyonk who bathos knows how 
very much the sea varies in 
temp(^ratun‘. ICven in the 
coiirs(‘ ot a day or two it may cliange a 
^reat and in diffenmt parts of the 
world the variations are tar gn'ater. 
In tile Arctic anil Antarctu' the water 
is almost at freezin.t^ point, while in the 
uppiT part of tfic Red Sea it is about 
90 de;:,oeeh. 

Speaking generally, it is the strength 
of tlu* Sun’s rays that mak(*s the water 
warm or cold. These r.iys do not 
pemdrate into the sea to a greater 
de])th than about boo feet, and the 
<'onse<juence is that tlie <leep water, 
which is the greater part of the entire 
ocean, has a much more regular tf*m- 
peratur(‘ at any given spot tliroughout 
the year than the surtacij water. 

At the surface the wattT changes 
according to the season, and it is also 
greatly affected by currents. Natur- 
ally the surface of the ocean, like that 
of the land, is warmer near the Fapiator 


Ecpjator to the I’olcs. Many rivers 
enter the sea and these often in summer 
bring water that is warmer than the 
sea-water, while in winter their water 
is sometimes colder than the sea. 

The surface i)f th(‘ S(;a is always 
cooler at night than during the day, 
and it is cooler in wdnter than in 
summer. These changes from day to 
day and from season to season are mucli 
less than those of the land in the same 
latitud(‘. 

When, hovvcw'i'r, we coiiu* to go deepen 
than the surface we find that the water 
bt'comes cooler wdth increasing depth. 
There is an exception, however, wliere 
the surface water is nearly freezing. 

ICven where the surface water is 
wannest, as in the ecpiatorial rt'gions, 
the temperature, directly we go a few 
hundred fathoms down, gets very low. 
On an average* when wt* go 600 ftM‘1 
below the surface the^ temperature is 
just over 60 degrees I'ahreiiheit ; at 
twice that d(»pth, namely 1.200 feet, it 


sea, where tlic temperature falls from 
about 75 degrees at the surface to 55 
degree's at a elepth e>f 750 feet, and then 
remains unchanged to the bottom, 
which is 13,000 fe(d below the surface. 
At this depth the temperatures of the 
ocean eiulsidc is 37 elegrees Fahrenheit. 

What is the reason that tlicso en- 
clo.sed seas show such a high tem|“H>rn- 
ture de'f']) down ? Well, the reason is 
tliat tlu're are sunken barriers of rock 
which shut them eiff more or less fre^m 
the open e)e:ean. The result is tliat 
the? colder and (k*nser water outside is 
preventt'd fre>m flowing in and dis* 
placing the warmer and lighter waters 
that lie below the top ot the barrier. 
The picture-diagram on this page illus- 
trates this point. 

As a matter of fact, the temperature 
of the bottom of these enclosed seas is 
often about the same as the temperu- 
ture of the S(‘a-water at the level of the 
top of the barri(‘r, which separates 
them Iroin the ocean. 



70 .i 

4og_fathms_ 

INDIAN OCEAN 
40 *- - - - JPP^9thQ(P^. 



In this picture-diagram we see a section through the Red Sea and the part of the Indian Ocean which joins it The temperature of 
the surface water is the same in both seas, but as can be seen, a great rocky barrier shuts off the deeper part of the Indian Ocean from 
the Red Sea, and prevents the colder water of the Ocean ’s lower depths from flowing in. The result is that the temperature of the Red 
Sea below the surface remains the same as it is at the top of the barrier, namely, 70 degrees Fahrenheit 


anti gets cooler towards the Poles. 
Near the Equator the temperature of 
the surface water is generally about 
80 degrees Fahrenheit, while nt'ar the 
Poles it IS about 28 degrees Fahrenheit. 
That, of course, is below 1 he freezing 
point of fresh watt'r, winch is 32 degrees 
Fahrenheit, but it takes greater ctild to 
frt*eze salt water than fresh water. 

The temperature of the surface water 
depends a great deal upon the currents. 
Some of these are cokl and flow into 
warmer water, lowering the tempera- 
ture. 1 'he Labrador current is a good 
example of this On the either hand, 
a warm current often flows into cooler 
water raising the t(‘mperaturc. and the 
Gulf Stream is a striking example of this. 

I 3 ut there are other reasons why the 
surface water of the ocean does not get 
colder steadily as we travel from the 


is 50 di'grees ; at 3,000 feet it is about 
40 degn'es ; at 6,000 it is 36.J degrees. 

M('n ol scit'nce who have studied th(; 
sea tell us that not more than one- 
fifth of the water of the ocean has a 
temperature as high as 40 degree's 
h'alirenheit. The average ti'inperature 
of the whole of the sea is reckoned to 
be about 39 degrees Fahrenheit. At 
the bottom of the deeper parts the 
temperature is below 35 degree's. 

1’lu'se facts, however, do not apply to 
the deeper parts of enclosed seas. For 
instance, the Red Sea. which is alx3ut 
3,600 feet deep, ciften has a tempera- 
lure of 90 degrees Fahrenheit at the 
surface. This is reduced to 70 degrees 
at a depth of 1,200 feel, and it remains 
about the same to the very bottom. 

A similar state of things is found in 
the Mediterranean, another enclosed 


The great mass of deep sea-water is 
cokl bt'causc cold water at the surface 
always lends to sink owing to its 
greater tlensity, and as the supply of 
icy water from the polar regions i.s 
very great, there is a constant supply 
of cold water to go on sinking. Wheii 
the ice ca]).s melt the cold water is 
fresh, and therefore lighter than sea- 
water, but it soon gels mixed with the 
salt water and then becomes heavy 
enough to sink. 

It might be asked how men discover 
the temperature of the water deep 
down in the ocean. Well, they have 
two methods. One is to let down 
specially constructed thermometers 
which register the temperature, while 
another is to lower Hi>ecial Ixittles 
which bring up specimens of the deep 
water. 
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Wonders oF Animal &Plant Life 



THE GREAT WONDER OF THE HUMAN HAND 

For most of the things we do we use our hand. We pick up things with it, we write and draw 
with it, and wc make things with it. Yet how little thought wc give to it till some injury prevents us 
from using it ! The human hand U one of the greatest wonders of our body, and, as we read here, 
it is marvellously adapted to do the great variety of work required of it 


T hk human hand is one of the most 
wonderful tools in the world. 
Many civuturt's have something 
corresponding with the hand, like the 
crab or loKsler with its claw, the birds 
with their claws, tht‘ reptiles and 
mammals with their fondeet, and, 
nearest of all to man. the monkeys 
In tlie c.isc‘ ot many ol the monkey 
folk then* are the lour tiiigens ;uul a 
thumb, and tlu* thumb can be turned 
lound to op]>o.se the other fingers so 
a,s to close on an object. 

But it is only in man that the hand 
becomes the piniect tool. It is not 
used, as in the ( a.se of the apes, i hietly 
lor laying hold of brauclu's in liimbing 
and for (onveying food to tin* month. 
Imt fai more lor the giasping ol loosi* 
objects oi all kinds. 


By linking his brain with his liand, 
it has been said that man is able to 
make lor liimselt an injlimitisl number 
of what are really additional organs, 
derived not from his own body but 
irom the things about him. 

Using the hand as a tool, man is 
able to fashion ali kinds ol other iisidul 
tools which rlo t ertain kinds a\ work 
more I'lhciently tlian the hand itself, 
till at la.st the hand has produced tlie 
Tiiarx ellous maclnmay of wdiicli wi* see 
so inany exampl(‘S in this book. 

We never lealise how much we us(* 
our thumbs, but when a man loses his 
thumb, then he inuh'rstands its supreiiK* 
ini]X)rtaiice. lad iis try to grasp a stick 
without using our thumb, or to pi<'k 
up a cup of le.i. or to use a h.immer, 
or to .sharp(‘n our pinicil, or to wiite. 


or even to shako hands with a friend. 
Jn (‘very oyieration that we carry out 
our thumb plavs a \a*i y iiiijuirtant part. 

In the mandike ajx'.s, which are 
ne.in'st to oursidves in tlie shape of the 
hand, tlu' thumb is viTy much small<*r 
m proportion to tlu' lingers, and very 
much less (‘lh('U‘iit than in man. Most 
monkeys w'alk on all fours, using tlu’ir 
hands fis feet and jilacing them Hat 
on tlie ground Hut they can grasp 
things .ilso 111 true h.ind fashion. 

'riie clnmpaiizees and other man dike 
afies iis(‘ then hands in walking on all 
fours, 1)11 1 nistc'ad ol resting tlie palm 
of ihf’ hand on tlu* ground lhi*y ft>ld 
II]) tlie hand and place* the back of all 
the fingers or tlu* kiiutkles on the 
ground. Man u.ses Ins hand tor far 
more important purposes 





g Pig • 10 Rhinoceros ; ii. Ox ; 12. Horse. The variation from the human form of hand gets more and more marked as we 
proceed through the list. In the lower row there is no thumb to be opposed to the fingers for grasping 
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THE FLOWERS AND FRUITS OF THE CACTUS PLANTS 


W HEN w(* think 
oi the cactus 
1 a 111 1 1 y wc 
usually associ.ih^ the 
name with plants ot 
strant^c lf)rms, pos 
scssin^ thick skiii'' 
a n (1 i o r ni i d a h 1 o 
spikes to warn the 

animals iiu ludiuj4 

man, that they must 
kecf) away and not 
try to steal the watei 
stored up inside the 
plant’s tieshy stems. 

Hut the various 
forms of cactus arc 
something more than 
ti’f'aks and curios. 
'Ihey bear very 
beaulilul flow’crs of 
striking colour and 
these flowers in 
many ca.ses develop 
later into attractive 
edibkf truits. 

A cactus certainly 
looks very stranj^e 
when it IS in blossom, 
for the llowcr has 
the appc'arancc ot 
being taken Irom 
.some other plant and 
stuck on the cai.tus 
as a jtike. 

'I'lie prickly pear 
cactus which has b<'- 
eornt‘ such a pe.st m 
Australia has an 



The beautiful white blossom of the saguaro, a ig'iant cactus that grows in the arid 
parts of North America. It is one of the moat strangely placed blossoms in the world 


attractive reddish 
yellow flow^er and the 
egg-shaped or pear- 
shaped fruits are 
juicy and sweet, and 
arc much eaten. In 
the south of Europe 
and North Africa the 
prickly pear is culti- 
vated as much for 
its fruit as for its 
use as a fence or 
hedge. 

The giant cactus 
of Mexico, the big- 
gest species of the 
whole family, which 
grows in column -like 
stems to a height of 
sixty feet or more 
with a circumference 
of ove^r six feet, has 
large flowers which 
produce green oval 
fruits that make an 
excellent jam or can 
he dried lor food. 
The natives of Mexico 
make much ii.se of it 
in its dried form, 
storing it up for use 
in times when other 
food is scarce. 

Even the hedgehog 
cactus often seen in 
h'nglish grcenbou.ses 
has large and showy 
flowers grow ing from 
the top. 



A group of cactus plants in blossom in the desert region of Arizona. The green parts of the cactus contain much water. How effectively 
the plants protect themselves against animals that would prey oti them can he clearly seen by the armoury of bayonet-like spikes 
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A SYRIAN BEAR WAITING FOR A BUN 



There are a number of varieties of the brown bear and one of these is the Syrian bear shown in this picture. It is the bear so often 
referred to in the BiblC) the bear which David slew when he was a shepherd boy. It was formerly very common in Syria and Palestine 
but is getting rarer and rarer there. As a cub it is dark brown but gets lighter as it grows older^ and in old age is almost as light as 
a polar bear. It can walk about on its hind legs, as we used to see it doing in the streets of London and other cities, when it was led 
round by an Italian trainer. The bear has 6ve toes armed with powerful clftws on both the fore and hind feet, and when walking the 
whole sole is appli^ to the ground so that the impression left is very much like a man’s footprint. The bear rarely attacks man unless 
first attacked, but when it does it strikes round with its claws and inflicts terrible wounds. It is this action that has given rise to the 

otherwise entirely unfounded legend that bears hug their victinis 
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INSECTS THAT BUILD SKYSCRAPERS AND SINK WELLS 


T hk white ants arc neither white nor 
an 1 s Tin y arc f^cMierall y e.< ilourcd 
more or l(‘ss like the earth tliey 
live in, and are far more ne«irl\^ rt'Iatcd 
to the rnavliies and dra^^on-flies than to 
t tie ants 'riieir proper name is termites 
7 'hev live 111 communitii'S like the 
liei‘S, ami very wonderful they are. 
1 ’heie IS a f|Lieen who lays eti:|j;s at the 
rat(‘ of thousands a day fur months 
locether Theit^ an' workers whirh 


some become workers, some soldiers, 
and a few' wimped kinRs and qui'cns. 

The winged insects llv about for a 
time, and then shed their wings. 
Many are devoured I'v birds, but when 
a king and quet'ii insect an* seen n<‘ar 
a termite burrow, the workers take 
them inside and place them in a si>ecinl 
ct'll prepared for them, where they 
become the parents of a new colony. 

The food of white ants consists mostly 


lands in whicli tlicy live are generally 
dry. So they burrow down into the 
ground and sink wells som(;times 
st'venty or eighty ft'ct below the sur- 
face. Having tapjicd a supply of water, 
they form processions of w'orkers up 
and down the burrow to bring \vat('r to 
the top. With this water they irrigate 
beds in which th<*y plant anrl grow 
thousands of tiny mushrooms that form 
])art of their food. They also w'ann 



The white ant or termite is a tiny insect but it is exceedingly industrious, and a colony ot termites will build great skyscrapers reaching 
a height sometimes of forty feet. If man erected buildings as tall in proportion to his own height, he would have skyscrapens nearly a 
mile high. Here is a termite nest on a golf course in the Belgian Congo. Sometimes the nests are pinnacled like a cathedral 


binUl and tunnel and carry watci and 
look after the young hirv;c that hatch 
from the eggs and attend to gardens 
in which minute mushrooms arc grown 
Thrrc arc soldiers which proit^ct the 
workers and act in defence of the 
community as a whole. 

When the young larva? are hatched 
from tlie eggs they all look alike, 
but they are fed by the workers on 
difierent kinds of food, and, as a rc.sult, 


ol decaying wood and other vegetable 
matter; th<?v also eat their own ik'ad. 

The greatest wonder of the termites, 
however, is the way they build great 
mounds of earth thirty or forty feet 
high, far taller buildings in proportion 
to t heir size than the biggest skyscrapers 
of New York. The earth is changed 
into a hard material like concreti*, and 
the buildings are very substantial 
Then they need moisture, and the 
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their nests by means ol di’caying 
vegetable matter, keeping an tWen 
temperature, and they ventilate the 
nests by piercing openings in the walls. 

When they once gain admittance 
to a house, the termites begin preying 
on ever3^thiiig made of timber till the 
building and its furniture are ruins. 
They bore very skilfully inside the 
wcxkI, eating the whole interior and 
leaving nothing but a thin outer shelL 



THE MARVELLOUS WELL-BORING OF THE WHITE ANT 



The white ant» or as it is more correctly named the termite, needs much water to keep the air humid in its nest, but from what source 
does it get its water in the dry regions where it so often lives and where there is no moisture for scores of feet beneath the ground ? 
Well, the termite sinfe a well, a kind of artesian well going down sometimes seventy or eighty feet, to get at an adequate water supply. 
Then there is a constant procession of insects up and down the well shaft carrying water, which is needed to irrigate little underground 
gardens where the termites cultivate beds of minute mushrooms for food. They plant the spores and water the growing plants. They 
have also invented central heating and keep decaying vegetable matter in their nests to give out heat but they ventilate their nests 
well by making tiny openings in the walls of their houses. Here we see a white ants* nest uncovered, and on the right the deep well 








THE AFRICAN BUFFALO WHICH IS A MATCH FOR A LION 



The Cape buffalo, of which three specimens are shown here, is the largest and fiercest member of the cattle family. It is not only a 
m^sive and powerful animal, but also very swift, and a good horse can hardly keep ahead of a charging buffalo, even in open country. 
It is supposed to live for about thirty years, and in the nineteenth century, before the numbers were thinned by the sportsman’s rifle, 
the Cape buffalo was often found in herds of from 50 to 300. The Cape buffalo's characteristic feature is the large head with the 
expanded muzzle and the massive horns, which are flattened at the base and expanded so as to form in old bulls a kind of helmet. 
When provoked the buffalo is one of the most savage of animals, and in a fight with a lion the buffalo is generally conqueror 


BIRDS THAT WEAVE NESTS AND HANG THEM IN TREES 


I N botli the Old World 
and the New, and 
also in Australia, 
there arc birds which 
are remarkably cIcvcm 
weavers, and construct 
their nests oi textile 
material made by 
themselves from the fine 
branches and roots of 
plants and from flexible 
grasses which they 
interlace till they form 
a kind of cloth 

This IS sometimes 
plastered with clay, and 
the nest is suspmuled in 
a tree, where it looks 
like a bag wnth the 
opening at the bottom 
Ihc shape varies, in 
some cases the nest 
looking like a .stocking 
hung uj) tor Christmas 
The actual nest in which 
the eggs are laid is in 
the heel. 

The bird begins by 
making a Iraniew'ork of 
grfiss, suspending it from 
the end of a branch, ami 
ttien wxaves the straws 
and grasses to form the 
material from the top 
downwards. 



A group of nests made by the hang-nests, birds of the Amazon forat 


It is the male bird 
which is the actual 
craftsman, and a tree 
containing a number 
of wed vet birds’ ne.sts 
IS a strange sight. The 
birds live in colonies, 
and hundreds of nests 
may be su.spended in 
one tree. 

In the New World the 
birds that make these 
ucsls are generally 
called hang • nests 
Their nests arc ot 
coarser fibre than those 
of the weaver birds ol 
the Old World, and 
in some cases a very 
miscellaneous ma.ss of 
material is worked into 
the nest— fibre, sticks, 
horsehair, paper, leaves 
and grass. The weaver 
birds of the Old Workl 
are very much like 
finches. 

Some of these woven 
nests arc used as per- 
manent abodes by the 
birds, while others have 
a double chamber, one 
for the sitting hen and 
the other as a rest room 
for her mate. 


mo 






THE BEGINNING OF THE INDIAN MUTINY 

The Indian Mutiny ot 1857 should never be iorgotten by the British people. It is one ot the most dramatic 
and astonishing episodes in the whole of history and the exploits of valour and endurance that wer^ 
performed by men and women, warriors t nd civilians, can hardly be matched anywhere else in the world. 

Here is the story of its outbreak and how in some parts the mutineers were able to get the upper hand 


T he Indicin Mutiny in the middle oi 
the nineteentl) century showed 
hurnuii cruelty at its worst, lull 
It also sliowed human bravery at its 
best Alter the revolt had broken out 
it IS d()ul)ttul if any o‘hcr nation ljut 
the British could liav.‘ saved the 
Empire. Wo sec in tnc story ol tlio 
Mutiny wliat the Oriental e.an be when 
he fcincics he holds p )wer in his grasp, 
and we see al.so what the British light- 
ing man, sup}>orted by the gallantry and 
encouragement of tiis womenfolk, can 
do against the most overwhelming odils. 

In 1856 British i^Kiwer was supreme 
in India. There were, of course, native 
states, as tliore are to-day, which were 
allowed to govern themselves under 
British suzerainty, fnit in 
the rest of the country 
order was maintained by j 
a handful ol Briti.sh troops 
with a considerable num 
her of sepoys or native 
Indian soldiers disciplined 
anrl trained by European 
methods, and ollicered by 
Britons. 


In July, 1850, the heir -apiiareiit died, 
alnitjst certainly as the result ol poi.son, 
and tli<; old king, prtim filed by his 
young wife, asked that her i liild might 
lie recognised as heir by the Governor 
CientTal. But this re(]uest was nduseil, 
and Lord Canning jiointcd out that 
thi're was an cider DrothtT of the dead 
pnnee who lia<l tin* prior right. 

The young Cjueen was hiriou.s, and 
111 hatred against the British she 
intrigueil in various directions. No 
one. however, thought for a moment 
that this Indian princess could work 
any nnscliief to the British Government. 

It IS neces.sary to bear all this in 
mind, because it shows that there wiis 
a c<‘ntre of disatlection in India whieli 




htive been alloweil to li;i|)pcn. but 
having been done the mistakes should 
have been set right with tlic least 
possible delay 

At that tune the new l^nfield rifh* 
was being introduced into Imlia and 
with it was used a fresh ty]>e.’ of 
eartndge which in Kiigland was greased 
with beef or pork fat Now m India to 
use the fat ol cows lor any purpose is 
hornbk' to the Hindu, and the fat of 
pigs is alino.sl (‘(pially hat<‘liil to the 
d(‘vout Moslem. Yet m ignorance, ar 
with a strange indifference to the 
b<di(ds of the sepoys. th(* military 
authorities in India oidered tfie cart- 
ridges lor fhe Knfield rifles to be 
prepartsl at Calcutta m the usual way. 

Then* were not wiint- 
nig secret enemies to 
point out to the seixiys 
the fac ts about tfie new 
cartridges 


A Dangerous Calm 

On the surface every- 
thing seemed calm and 
quiet. The Punjab, which 
had just been coinpiercfl 
with the aid of sepoy 
regiments, fuid settled 
tiown loyally under British 
rule, and the Sikhs of tfiat 
country apjx^ared more 
happy and c. o n t c n t e d 
tlian wlien they were 
independent. 

In the Mogul palace at 
Delhi lived the aged de- The sepoj 
scendant of the old kings 
with his family. The 
pomp of a bygone day was maintairH*d 
by means of a handsome pension paid 
regularly by the Hritisli (rovernment. 
That any danger was to be anti- 
cipat(xi from the infirm old king 
Bahadur Shah woul<l have seemed 
ludicrous to the English ruk'rs ot India. 

Blit in India, as elsewhere in the 
Orient, there is generally a good deal 
going on under the surface. Bahadin 
Shah had married a young wife in hi.s 
old age, and when she gav^e birth to a 
son it was perhaps natural that she, 
being an ambitious woman, .should 
want to secure for her son the succession 
to tlie nominal title of king, now held 
by her aged husband 
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Seething Dtstoyaliy 

Tlic sepoy regiments 
had bcK ome very succtfss- 
fnl under the tuition ol 
their British officers, and* 
they were beginning to 
l)eli(‘V'e that they wen* as 
good as Britisli regiments. 

^ ft was they who really 
(onti oiled the country, 
th('y argued, and why 
shouki they do tins for 
tin* Ifntisli and not for 
them .selves ? 

So little ot the dis 
(ontent and disattection 
apjieared on the surface, 
however, that right to 
the end the British officers 

The sepoys at Berhampore seized their weapons and shouted defiance '|”ev('('nn thTfideilty and 

loyalty of their sepoy 

only neetled a spark to eau.se a great re«:itnents Yet under the surface was 



and tar-spreading blaze, 

Gnimtal people, ignorant and super- 


seething disloyalty. 

One (lay at Harra<'kpore, which is 


stitioiis. are always ready to believe a sixteen miles from Calcutta, a low 
rumour or proplnxy put forth plausihly, caste Indian asked a Brahmin sepoy for 
and in the year 1857, which was exactly a drink of water from his brass pot. 


a century alter tfie battk; t>f Blassey 
and the establishment of the British 


The Brahmin refused on tht* ground 
that the low caste man would defile 


power by Clive, there were rumours his pot 


thiit circulated from village to village 
declaring that that year woiikl see the 
end of the British power. 


You are already defiled,’' said the 
man to the Bralimin, “ by biting 
cartridges which have been grtiased 


It cannot be denie(i that tooEshness with cow’s fat." 
on the part of the British was to a As a matter of fiict, none of the 
large extent responsible for the out- offending cartridges had yet Ix^en 
break of the Mutiny. Several silly served out to the men, and if this hatl 

things were done which should never been explained promptly and the men 
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told tliat. they would bt‘ allowed to 
,yr(‘ase tiu’ ( aririd>(e"s in lh(Mr own way, 
the excM fluent would jirobably have 
ilown. 

It was only after lon^ delay that the 
inilit.iry anthontu's e\j)lained the faets. 
and by that tinu‘ the story had taken 
too firm a hold of the native soldiers 
lor any eon trad ietion, howeva‘r plau.s- 
it)|(‘, to Ik* beh(‘ved. 

Rumohrs went round that the 
( a»\ (‘rnor-Cioner.d wanted Iht* sepoy 
tioops to eon(pK*r ]*(*r.sia and China as, 
aetordinjj; to their own ideas, they h,id 
.iln*ady eon<|nered India lor tin* l-tritish, 
.Old as a prelinnnai y, tlaw believed, he 
was ftoinj^ to destroy their caste, d'ho 
st(jrv of the /^(reased (artrid^es travelled 
like wildfire all over Northern India, 

In iM'brnary, some nadive 

ndantry from Harraek]>ore ai rived at 
iferhampore, 120 miles .iway, and told 
the story of the cartiidei'S to their 


By this tim(; the colonel with several 
other Thitisli officers had come up and 
ordered the men of the jjuard to st'ize 
the mutineer, but the* native office! 
told him that the men “ would not go 
on.” At this llie tolonul appears to 
have been nonplussed. 

But at that moment the brigadiei. 
General He.rr.sey, rode up to the parade 
grouMfl with his two .sons, and someone 
called out ” Have a care, his musket 
is loadeil.” The general ened out 
angrily that he cared nothing for the 
musket, anil t(‘lling his siai, ” If I fall, 
John, lush in and put him to death 
somehow,’* drew liis pistol, pointed 
it at the head of the native ollieer, and 
ordered him to take his men forward 
and seize the inutiiu*(*r. 

'J'he sepovs vvert* lor the m()mi*nt 
ovi'rawed l)v the gener.il, .ind did as 
they were ordered. Mimgul J\‘iii(ly 


What firmness and derision could do 
was shown by Sir Henry Lawrence, the 
Chiel Commissioner, at Lucknow, A 
native n*giment ot infantry broke oid 
into mutiny, and threatened the Kun> 
pean olfii cTs. Lawrence at once or* 
dered a British regiment and a battery 
ol (*ight guns manni'd by Europeans, 
with four senoy regiments, to jiroceed 
to thi* hues of the mutineers some miles 
away Thi* mutineers were taken by 
surpiise. They suddenly saw infantry 
and cavalry on cither side of them anil 
a row ol European guns in front. VV'hen 
ordered to lay down their arms they 
obeyed, and then, seized with panic, 
rushed away in the darkness. 

They were pursued, and most ot 
th(Mn arrested by the native iidantrv 
and cavalry. These sympathised wdth 
the mutineers, but fear of Lawrence 
compelled them to obey. 

A nuitinous legirnent.it Pi<irrack- 


comrados of the l<;th Native In- 
lantry. with the result that when 
cartridges \v(Te served out to thi^se 
men they ri'fused to receive them, 
seized theii weajions and shouted 
d(‘li«ince 

Lnlortunati'lv there were no 
Ibitish soldii'is at lierhampore, 
.mil the colonel m command was 
rathiT doubtful as to whellier his 
n.'itne cavalry an<l artillery ( ould 
be rihed upon to act ag.'iiiist the 
mutinous infantry. Hut alter some 
explanation and nMUonstiiince the 
sepoys laid down Iheir arms and 
leturned to tlu ir lines. 

An Ugly Situation 

Lonl Canning, tlu* (iovenior- 
(ieneral. on learning wh.d liad 
happen<*d at H<*rhampore. resolved 
to take action Knowing tli.il souk* 
I'.nropean troc)p.>* were on theii 
way to C^ali iitbi, he ordered that 
the mutinous loth Regiment of 
Sepoys should be marebed to 
I Jarrackfioie to lx* ibsbaiuk'd. 
Jins news excited the sepoys 
alre.idv at Ha rra i k pore, who 
sympathised with their mutinous 
comrades, and one ol them naiuisl 
Mnngul Bandy swagger<*d about 






The English church at Meerut, which the officers were 
attending when the Mutiny broke out 


pon* was disbanded, and it w'as 
thought that there would now be 
little more trouble. 

Hut within a week a rc’al out* 
bleak oicurred at MtK*rut, an 
important milit.iry station only 
lorty mill's bum Pelhi This is 
genei.dly regarded as thi* real 
beginning ot Hie Indi.in Mutiny. 
It set Northern India in a blazi*. 
but had Iheii* been a man of f li'iiry 
Ivawience’s type the rebellion 
might h.ive been seotchi'd beiou* it 
I ould do ihf untold h.um that 
soon lesiilteil. 

Gaol tor Mutineers 

There had already been signs ol 
insubordination at Meerut, w'hen 
85 men ot a se]>ov l av .ilry regiment 
relused to receive cartridges, even 
of the old type, 'fhey were at 
oni'i' arresti'd and tried by a court- 
martial ol native oflicers, who 
toimd them guilty and sentenced 
them to impiisonmiuit, but with 
a lei ommendation to mercy. 

Cii'iicral Hewitt, in lommand ol 
the (list Hi t, saw no re.ison lor ex 
tending meicy, except in a ti'W 
cases, and the men. after being 
panided and stripped of then 


till.' line's with a loaded musket in 


miitorins, were loaded with irons 


Ills hand calling upon his comrades to 
use*, at the same time threatening to 
shoot the first Lurojiean that appi'ari'd, 

” 'l urn out, all of you,” he shouted, 
“ the English are upon us. Through 
biting the.st? cartridg.es we shall .all he 
madi* infidels.” 

New^s ol what was going on was car- 
ri(‘d to the English adjutant, Lieutenant 
Haugh, who at once rode to thi* partidc 
ground followed by his b'uropcan ser- 
geant and a Moliammedan orderly. 
Mungul Pandy fired at him and wounded 
his horse, wdiich brought Lieutenant 
ILiugh to th«? ground. 

l^augh, much sliaken, scrambled to 
his leet, and fired but without effect, 
and thereupon Mungul Pandy cut down 
the lieutenant with his sword. The 
sergeant rushed up, calling on the 
orderly to help. He tried to seize Mun* 
gul Pandy, but ho too was cut down. 


tried to shoot himsell, but failed and 
was arrested. A few days later he 
was tiled witli another mutineer and 
convicted and hanged. 

Tins incident may almost be regarded 
as the beginning of the Indian Mutiny. 
At any rat(*. it should have showai the 
authonties the dangei of the discontent 
that was seething in the native regi- 
ments. 

The Hritish officers in command in 
India at this time seem to have b<‘en ot 
two classes. There were tho.si^ who 
knew how to act promptly and fear- 
lessly. and there were those wdio. partly 
through trust of their native soldiers 
and partly through indecision failed to 
deal with the dangerous situations a.s 
tliey arose. More of the former type, 
and there would probably have been 
no Mutiny ; more of the latter type, 
and India might have been lo.st for ever. 


and sent to gaol under a native guard. 

'The next (lay was Sunday, May inth, 
a particularly hot day, and as the church 
bells rang out calling the Hntisli from 
their quarters to evensong, the men 
ol tlie 3rd Native (Rivalry, according 
to a prearranged plan, broke from their 
barracks and, brandishing their .satires, 
galloped to the gaol and released the 
mutineers, 'the sepoy infantry at the 
same time ran their lines, arms in 
hand, and fell into ranks under theii 
native otru'er.s. 

In the Euro|X3au quarter all were 
blissfully ignorant of what w^as going 
on, till a British sergeant, rushing to 
Colonel Finnis of the iith Sepoy 
Infantry, shouted ” For God's sake, 
sir, fly, the men have mutinied ! ” 

But Finnis w«as not the kind of man 
to fly. Gathering s(?veral British offi- 
cers, lie rode at once to the lines, and 
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with appeals and threats kept the native 
steady, hoping that in a 
moment or two the British dni.<;^(X)ris 
and artillery would sweep down upon 
the sc ene and overawe the? men. Close 
l>y stood the men of the 20th Sepoy 
Kf‘f(iinent, and they too were ke[)t in 
line by the entreaties and remon- 
stratit'es of iheii officers. 

For a solid hour twenty or thirty 
Enj'lishmen kept 2,000 muiineers from 
breaking loose, listening anxiously all 
the time for the trample cjf hoofs and 
the rumble of guns which should 
announce the arrival of the Furopc^an 
artillery from the Bnti.sh cjuarters. 

Hut General Hewitt has not unfairly 
been dciscrilxxl as " an ass commanding 
an army of lions.’* There were fatal 
delays, much valuable time being lost 
in an idiotic and unnec:essary roll 
call. The men should at this tiinc ini' 
doubtedly have been hurrying to the 
native lines, but owing to their non* 
a})pearance Ihii inutiuv became a 
revolt. 

The native infantiy^ fired on their 
offu’ers, who fell riddled with bullets 
and then the sepoys 
bnike loose and 
with the jrd Native 
Cavalry went oil 
coiTunitting arson 
and murder in the 
Furop(*an hou.ses. 

The mob joined 
the siildiers, and 
lli.it ipiiet Sunday 
e V n 1 n g w a s 
changed into an 
Armageddon. 

EvcTy Eiirojiean 

man. w'ornan anrl 
child whofellmli) 
the h.ands o 1 th<’ 
rebels was kille<l 
with t r r 1 b I e 
cruelty, and yi't 
close by were 
2,200 Hritish 
troops who could 
havt‘ been Jed by 
General Hewitt 
to put down the revolt. 

Instead, the.se men were kept idle 
while the revolting rebels, witli their 
arms and ammunition, sc^t oft on their 
way to Delhi to jiroclaiin the old Mogul 
King as sovereign of Hindustan. 

There w(*re no iviircjpean troops at 
Delhi, and imhinden^l the mutineers 
from Mc^orut reached that city and 
were joined by the sepo}^ regiments 
there. 

Jt was not till a fortnight after the 
outbreak that ii pcirty of Hritisli cavalry 
left Meerut to suppress some jdunderers 
in the neighbourhood. As a historian. 
Dr. W. H. Fitchett, says : “ A battery 
of galloper guns outside the gates of 
Delhi might have saved that city. It 
might, indeed, have arrestcxl the Great 
Mutiny. Hut all India waited, listening 
in vain for the .sound of Hewitt's 
cannon. 

** Tlio divisional commander was re- 

B in his armchair at Meerut ; his 
ier was contemplating the regu- 


latioas, Section XVH, and finding 
there reasons for doing nothing, while 
the mutiny went imwhippc'd at MoiTiit 
and was allowed at Delhi to fiiul a home, 
a fortrcN.s. and a crowned head. It was 
rumoured indexed, and beheveri for a 
moment ov'cr half India, that the 
Hritish in Meerut had perishc*d to a 
man. How else could if Ik* c'xplaincd 
th<it at a crisis so terrible tliev had 
vanished so completely from human 
sight and hearing ^ ” 

The Rebels Gain Ground 

It was iMi'ly on the morning of May 
nth that the mutinous .sepoy c'a\^'lIrv 
arrived at Delhi. They dashed across 
tlie bridge into the city, slew all the 
English they could find, mi-ludmg little 
children, and then gallofied to the 
pal.'iee, declaring loudly that tlu'v hail 
slam all the ICnglish at MeiTiit, and had 
come to fight lor the faith. 

About tw'o miles ironi tJie city on a 
rising ground known as tlu' Kidge was 
situated the lintish cantonment, but 
at this tune there wen' no Hritish 
trcKips eneampc'd thc'.re The few 


British offua'is in Delhi did their ]>cst 
to hold back their sepoy regiments 
fioni bre.'ikmg into open revolt, an.xi' 
ously waiting for the English troops 
they exp('eted would soon arrive from 
Meerut. Thit, .as we know, tliey ^^^aited 
111 vam. Delhi, it should be e.vplamed, 
w'as garrisoned only by native troops, 
although there wiis in the cit3^ a huge 
store c)f munitions of war of all kinds. 

How the Magazine was Saved 

The greatest clangc'r was that the 
v.ast stores of munitions in the magazine 
would be captured by the. rebels. It 
ha<l only a handful of Faiglishmen to 
dcifend it, nine m all. with Lieutenant 
Willoughby in charg<‘. 

Willoughby closed and barricaded 
the gates of the magazine and placed 
loaded guns in position to cover these. 
There were ten guns, but only nine* 
men to work them. He armed a number 
of native.s, but these, as he knew only 
too well, could not be relied upon. 


Sooner or later the magazine must 
fall, so Willoughby ran a fuse into th<‘ 
building, broke opc'ii a niimbei of 
barrels of gunpowder, strew^ed their 
contents about and heaped it on tlu' 
end ot the fuse. The* other end of the 
fuse yyiis carried into the open air, and 
one of the Englishmen named Scully 
stood besidt' it with lighted port fire m 
hand, ready to blow up the magazine. 

When the rebels attacked the maga- 
zine tlie guns \v(!n' to bi; worked as long 
as possible, but wiien at la.st tlie sepoy.s 
swept into tin* enclosure. Willoughby 
w.as to give tiu' signal by waving his 
hat and Scully wms tlicn to light the 
fuse. 

All order in the name of the King ol 
Delhi to sLirreruler was indignantly 
rejected by the English guards, and 
then the sepoys hiirrii'd forward to tlie 
attack, firing .as they ('.iini'. At the first 
shot the natives inside the magazine 
scrambled ovei the vv.dls and escajied. 
whili* tlu' ht'roK' nine were lelt alont* tt> 
delend the store. 

At last a gate was forced ojieii. but 
;i.s tli(i assailants rushed forw.inl they 
were swept by 
g r a p (* s h o t Irom 
ou<^ of the guns 
and drivisi back. 

One after an- 
otluT the biave 
defendersdrop])ed, 
and at last Will- 
oiigliby ga\'e tin* 
signal to Scully, 
r 1) e f u s e w a s 
lighted, flic fir<’ ran 
along, and tlu'ii 
then* was .a fre 
mcndoiis cr.i, sh 
like the blowing np 
of a volcano, a eol 
ijinn of smoke .ukI 
fire rose lar into 
the sl<y. and the 
mag.'i/me, wath its 
.store of munition'^, 
w^as dosiioyed. 

None of the 
defi'iiders had 
exjU'Cteil to escape, but Lieutenant 
Willoiighliy ;ind tlirei* otiK'rs managi'd 
to get aw'.ay, lliongh Willoughby died 
of his in|ijn(‘s a lew wrecks later. 

h'llty hbiropi'ans- men, women and 
c.hildn'Ti -hail barncadtsl themselves in 
a house m the city, hut this was stormetl 
and tlie ('iiptives w^ere dragged awav’ 
and locked up m an underground dun- 
g('on w'here they wi're nearly stitle<l. 
Then they were brought out, roped 
together, and murdered, the* heir- 
apparent of tlie King devising spi'tdal 
forms of cruelty for the occasion. 

It is a matter of great satisfaction to 
know' that a brave young Ivriglish 
officer, Ifod.son of Hodson’s Hor.se, 
months afterwards shot this vile prince- 
ling with some of his friends in thti 
presence of 6,000 natives, explaining 
that they were the murderers of woin<ui ' 
and children. 

By the evening of that day Delhi was 
in the hands of the mutineers who ha<l 
gained a capital and a king. 



The well at the Cawnpore barracks whicll ^ve the only Witer supply to the besieged 
English during tht ^tack by the mutineers 
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riiis news spread rapidly throu^diout 
northern India, and before lon^ an area 
half the si/c of J*'urope was in rev^olt 
Jn many pUues th(‘ rebels killed their 
Rnj^lish olficers, inurden'd the women 
and thildreii. «ind went off to join the 
rebel army at D<*lhi 

'I'he most horrible feature of the 
Mutiny was the treachery of the Indian 
natives in authority. At Jhansi, for 
example, garrisoned entirely by sepoys, 
the soldiers went about burning and 
inurdenri.e A number of Kuropi'ans. 
IioAvever. including women and ehildn'n, 
took refuge in tlic fort. 

t he Kanee ot Jhansi, the widow ol 
thf‘ (ornu’r chief, was a woman who 
f'henshed a bitter hatred of the English 
lH*(;aus<‘ they would not allow her to 
manage tlie small prinei}>ality. She 
sent guns and elephants to help the 
mutineers, but when the fugitives in 
the fort ran short of provisions tlie 
Kanee swore solemnly that if tfi(‘y 
surrend(*jed without further fighting 
their lives should be spaied and they 
should be conducted in safety to 
another station. 

'Phe rebel sepoys 
took the same oath, 
and relying on the word 
of 1h(‘se Indians the 
party snrremhTed. At 
on ('(• wi t h V i le 1 reac 1 icry 
th(‘ whole 55 men, 
women and children-- 
were .sei/.ed and liound 
and tlaui butchered m 
cold blood by the order 
of the Kanee 

I hit the most terrible 
story ol IriMc'hery is 
tlial of Cawnjx)re, and 
no Englishman should 
(‘ver forget it. 'J'his 
city, situated on the 
Ctanges rather more 
than 50 miles from 
Lucknow, liad been in 
the possession of the 
English for about hall 
a century. 

It had betm an important military 
station, but since the conquest of the 
Punjab the European troops bad Ix'im 
taken away, and the garrison consist <'d 
of lour native regiments, numbt'ring 
3,500 sepoys. 'I'ho only Europeans were 
the regimental officers with about 60 
artillerymen, their wivt‘s and children, 
and a considerable body of civilians, 
engaged in trade. 

The oftiier in command w^as Sir 
Hugh Wheeler, who had done good 
work in the East India Company's 
service, but was now over 70 years of 
age and was certainly not suited for a 
situation such as that which was alx^ut 
to arise. 

When news of the outlireak at Meerut 
readied the sepoys at Cawnpore the 
men Ixjcame excited, but General 
Wheeler and most of the other English 
officers seem to have had a blind faith 
in the loyally of their men, which, as 
we look back, appears pathetic. Yet 
it is clear that the general did not 
altogether trust the native soldiers, 


for he decided that a place of refuge 
should be prepared for the European 
community in case the sejHiys did 
revolt. But he selected the most 
unfortunate place in the neighbour- 
hood of CawnjKire. 

Then' was a magazine, covering three 
acres, wdth a high wall round it, strong 
buildings inside iind a groat store of 
guns and ammunition, with the rivei 
guarding one side and a ditch another. 
It woukl havt‘ been an ideal place for 
defence, with am}>le shelter for the 
women and the sick, of whom there were 
large numbers, and with an abundant 
supply ol water. 

A Foolish Choice 

Hut Wheeler, tor some reason wliich 
nobody has ever fathomed, iguon.*d this 
place and selectc^d for defence some old 
barracks which had once belonged to a 
European regiment on an open plain 
SIX miles awav. Th<‘re w^as no proper 
sh(‘ller, no aik'quati? water supply, 
and the only defensive works consisted 
of an earth rampart wdiich was hastily 


thrown up ancl which c<mld lie pierced 
anywhere by a musket ball. 

So deluded was Wheeler alxiut his 
beloved sepoys that as late as May i8th 
he telegraphcMl to Calcutta : “ 'I he 

plague is stayed : all well at Cawn- 
pore." 

Living at liithoor about six miles 
from Caw'npore was the adopted son of 
an ex-lVivShwaor hereditary ruler of the 
Mahrattas, His real name was Phimdu 
Punt, but he is known in liistory as 
Nana Sahib. His nominal father had 
received from ih(‘ British Government 
a life pension of /8o,ooo a year, but the 
Government naturally refused to con- 
tinue this to the adopted son, who had 
inherited at least half a million pounds 
from the ex-Peishwa. He was allowed 
to maintain semi-royal state at Bithoor 
and to keep guns and followers. 

While pretending to be very friendly 
with the English he actually nursed a 
great hatred for them. He was a subtle 
dissembler. As soon as news arrived of 
the outbreak at Meerut on May loth, 


the Nana professed his indignation at the 
mutiny, and rept^ated his declaration of 
attachment to the English. He offered 
to organise a force of 1,500 fighting 
men to resist the sepoys in the evtmt of 
their mutiny. 

Although General Wheeler had been 
warned that Nana Sahib was treacher- 
ous, he accepted his holf) and put him 
in charge of the treasury. As Dr. 
iotchett s:tys. “ this was committing 
the chickens for security to the benevol- 
ence and good faith of the fox." 

1'here was iin alarm of trouble on 
May 21st, ami it wa.s thought wise that 
the Kuro]>ean ladies with their families 
ami all Eurojx'.an non-combatants 
should proceed to the barracks. I^artly 
to show their confidtmee in the sepoys, 
and partly to keep an (?ye on them, 
however, the British officers used of a 
night to go into Cawnpore and sleep 
near their men. 

At last on the night of June 4th the 
mutiny broke out. The men of a cavalry 
regiment rushed to their stables, 
inounled, and then with shouting and 
firing galloju'd off to 
seize the magazine and 
loot the treasury. The 
other s'-'poy ri'ginaents 
followed them one after 
the other. 

Some eighty sepoys, 
however, remained 
faithful and actually 
joined the British in 
their retreat to the 
barracks, fighting 
bravely with tluuTi for 
iK'aily thi't't* wei'ks. 

On this very day, 
June 4th, a fleet of 
boats laden with 
I'.nglish people Irom 
Fiitteghur started 
down the river for 
Cawnpore. They were 
all civilians, and in- 
cluded women and 
children. They had 
become S ’sjiicious of 
tlie scpfiys, although General Goldie, the 
commander at Euttegher, and Colonel 
Smith, in charge of the regiment there, 
were absoliitidy confident of their 
loyalty, and were indignant that they 
should be distrusted. 

News travels very rapidly in India, 
and the* sepoys at Cawnpore sfK)n heard 
that three boatloads of English were 
On the^ir way. When the boats reached 
Cawnpore they pulled in to tlie bank, 
knowing nothing, of course, of the out- 
break there. 

Suddenly a crowd of mutineers 
rushed down upon them. They tried 
to hide in the long grass, but the sepoys 
set this on fire and tlie victims were 
driven out, scorched and half-naked. 
They were dragged off to the Nana 
Sahib’s presence, where they were all 
ordered to sit down on the ground, the 
men having their hands tied and being 
placed behind the women and children. 

Then files of soldiers were marched 
up, fired into the little band of men 
and killed most of them, finishing off 



The place on the river Ganges at Cawnpore where the English were 
treacherously massacred by the sepoys 
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with the sword those that the bullet 
had not slain. Nana Sahib, like the 
brutal S(X)imdrel he was, watched the 
whole terrible proceedinj;»s. The women 
and children were reserved for a worse 
fate. 

At Futteghur the mutiny actually 
l)i*oke out on June iftth. Thcj I British 
j^arrison took refuse at a small fort, 
held it for nearly three weeks, then 
iouRht its way to the riverside and 
embarked in boats, One grounded, and 
its occupants were killed at once. The 
other boats were fired upon, their 
inmates being shot or drowned, and 
only one boatload escaped to Cawnpore, 
where all ])erished. 

Meanwhile, what was happening to 
the English at ('awn|X)re r* All who 
were found in the city were 


had to be brought from it, and the 
sepoys concentrated their fire ii|)on this 
little patch of ground, 

A brave civilian, John MaeKillop, 
insisted on being appointed *’ Captain 
of the Well.” and for a week went back- 
wards and forwards under the galling 
fire bringing water in a vessel for the 
woundeci and the women and rhildren, 
till at last he wa.s killed. “ He stag- 
gered a few jmces mortally wounded,” 
says Dr. Fitchett, ” th<*n fell, hut held 
up wi"*!! his dying hands the vesstd 
filled with the pn‘cioiis fluid and Ix'ggixi 
one who ran to his help to carry it to 
the lady to wham he had promised it,” 
lied'ore long the whole of the build- 
ings were in ruins, and the men had 
to dig holes in the earth in which their 


There was Captain Moore, an Irish- 
man, who though woiinrled early in 
the siege, with his arm in a sling walked 
to and fro calmly amid the t<‘mi)est ol 
bullets cheering and leading the men 
against ovtTwlu'lming odds ' Whero- 
ever he had passed,” says Sir George 
Trevelyan, “ he left men something 
more courageous, and women something 
less unhappy.” 

There was l)<‘lafosse, one ot the only 
four men who survived the siege. He 
liad rharge of tliiec' nii'.e'poimd(»r guns, 
and when one of the carriages caught 
fire and it looki‘d as though the llames 
woukl explcxle the giinpowdcT, he 
crawled underneath tlu‘ burning 
t arnage, lay on his back and with 
his bare liands f)ulled away the burning 
timber and threw earth on the 


murdered, and then after burn- 
ing and looting the mutineers 
started off for Delhi. 

It w<nild have been well for 
the English at Cawaip<)re if the 
rebels had continued tluhr 
lourney. but Nana Sahib had no 
inttTosl in Tk’lhi. He saw a 
chanci* of n*viving the Mah- 
ratla F.mpire, with himself as 
king reigning at CawnpoK*. 

So Nana went after the sepoys 
and with promises and thn^ats 
induced them to give up their 
march to Delhi and to return to 
Cawnjxire. He was determined 
to exterminate the English He 
seems to hav'e thought that 
Nvith ih(' forc(‘ at liis command 
it would not be dihicull. 

The Attack Begins 

On the morning of June 0th. 
GeiK'ral W’liei'ler, who was now 
eiitrenchtxl w^ith the ICnglish 
community in the banack (ai- 
ilosLire, received a letter from 
Nana announcing that he w^as 
about to attack tlie position. 
"I'he mnlineers, however, seem 
to have been in no hurry to 
make the advance. As Captain 
I'alboys Wh(‘t‘ler says * “ 'Fhey 

preferred booty !<) b.ittle, and 
turned aside b) phmd<T the 
cantonment and city.” M hey 
tlid not spare the hoiJSi*s of 
their own countrymen, and 



flames. And all t his despd<‘ the 
(act that tlie s'‘povs, having 
riot<‘d the lire, tinned all their 
guns on tlie spot. Hut such 
stories in'glit lie mulli])hed 
until a volume was filled. 

The Gallant Women 

The women wc-re as JicToic as 
tile mcm. W'lien in a sally 
elfW’en nmtiiu'»?rs were captured 
and l>r(Miglit into t lie t‘iu losure, 
every British man was needcxl, 
lor a d('Sp(‘rale fight w’as going 
on at th(‘ moinc'tU. A rop(‘ was 
Iherefou* hastily passed round 
tlu‘ wrists of tlu' captured 
sejM)Vs and thc'v w'C're ])ut in 
( harge of tln^ wile ot ii private. 
Her name w as Bridget Widdow- 
son. Althougti she liad little 
children of he r ciwn who neexh'd 
att(‘ntion, she stood sw^ord in 
hanci over the (‘U'vcmi mutinec'is, 
while they scjuattecl on tlieir 
haunches, not one of them 
daring to move. It is curious 
that it was only after Biidgol’s 
place had bevn taken by a male 
guard tliat fhet c*leven sepoys 
esc a|H'd. 

W'Ikmi Die supply ot rartiidges 
ran out the woiikmi gave up their 
stoc kings tor use in the making 
of new cartridge's. The sepoys, 
who ciutmimbcTed the besieged 
bv about thirty to finc‘, made 
si'veral assaults but never 


they took cannon and ammu- 
nition from the magazine in readiness 
for the attack on the entrenchment. 

By nocin they had placed their cannon 
in position and opened fire. It was a 
terrible situation for the English. 
It was the height of the hot w'eathor, 
a blazing sun poured down all the 
hours of daylight, and for nineteen 
days the garrison suffered under a 
raking fire ftom the sepojj positions. 

One of the buildings in which the 
sick and wounded were hou.sod was 


wives and children coiild sit sheltered 
by planks from the terrible glare of 
tlif snn and the hail of bullets 

The men at least had the excite- 
ment of figlitiiig, but the position of 
the w'omen must have been agonising. 
” Unshcxl, unkempt,” .say.s one 
historian. ” ragged and squalid, hag- 
gard and emaciated, parched with 
drought and faint with hunger, they 
sat w^aiting to hear that they were 
widows.” A numlx^r of infants were 


1 (‘ached the line of earthworks. 

Tli(*n; were many deaths among the? 
British, but th(\se were nothing com- 
p ir<‘d with the loss of life among the 
S'.’pov bc^siegers. As the English 
p 'i ished they were buried in the dry 
wc‘ll, which now has a monument 
b lilt over it. with an in.scription 
b‘lling its tragic story. This is not the 
famous Well of Cawnpore of which 
we shall read later. 

After three weeks the sc'pc^ys began 
to g(‘t a little tired of the su>gc. for their 


set on fire. Provisions ran low and 
there was insufficient water, even for 
the children. There were supposed 
to l>e two wells in the encampment, 
but one yielded nothing, and the other 
was open all the time to the fire of the 
tepoy batteries. Every drop of water 


born during those terrible weeks. 

The exploits of valour that were 
performed by the individuals of that 
gallant liand of defenders are worthy 
to rank with the heroic deed^ descrihcxl 
in Homer’s great story of the Trojan 
War. 


loss’s had l>een tremendous On Juno 
25th a woman was seen approaching 
the entrenchment with a note for 
General Wheeler. She was a captive 
Englishwoman waiting to be killed, 
and Nana Sahib had sent her as a 
messenger with his note, which 
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pr<>rnisi‘(l to give a saie passage to 
Allahabad to all who were willing 
to lav down their arms, 

>rad there been ikj women and 
children the garrison would have 
spurned such an oth'r and attempted 
to light its way through I he relx*ls. 
It is a pity that the garrison did not 
rernenibei what a native proinist* was 
worth. Nearly a century belore there 
had been a treacherous massacre oi 
ICnglish prisoners at Patna, but tlu‘ 
position at Ciiwnpore was cU'sperate, 
and the harassed men grasped at a 
straw. There was no hope for the 
wijinen and children, the sx k or the 
wounded, except by accepting Nana’s 
terms, 

Nana insist(*d that the ev'aciiation 
shoulfl be (‘fleeted that very night, but 
this th<‘ ICnglish would not agree to. 
h:iarly on the morning ot June 27th 
the movement began. One of 
the conditions had l)(*en that 
Nana should afford a safe con- 
duct to the river bank, a mile 
off, provid(‘ carriages for the con- 
veyance of women and chiMren 
and sick and wouiid(*d, and 
furnish boats to carry th(‘ whole 
party, mnnlxuang .J50. down the 
(langes to Allahabad. 

It w<is a sad procession. I'he 
men marched on foot, the women 
and children wc'ie ('arriefl on 
(‘lephants and in bullock carts, 
while the wounded w<‘re mostly 
eonveyecl in palancjuins 

The Tragedy of Cawnpore 

VVIk'ii they arrived at the river 
the liigitives were forced to wade 
through tht‘ water to forty boats, 
ol a Ivpe kn(>wn <is budgerows, 
which had tliatclu'd roofs, and 
by lime o'clock thc^ whole party 
was huddled on board and the; 
boats were prejianng to leave. 

“ Suddenly,” says Captain 
Wlu'eler, “ a bugle w.is sounded, 
and a murderous fire ol grape- 
shot and musket was opened 
upon the* wretched iiassongers 
from both sides c;f the river. At 
the same time the thatching of 
many of the budgerows was 
found to be on fire*, and the 
tlaiiKJS bt^g.an to spread from boat to 
boat. Numbers were niurden*d in the 
riven-, but at last the firing ceased. 

” A few escaped down the river, but 
only four men survived to toll the 
story of the massacre. A mass of 
fugitives were dragged ashore ; the 
women and children to the number of 
125 were carri(?d off and lodged in a 
house* in the headquarters of the Nana. 
The men were ordered to immediate 
execution. One of thenn had preserved 
a prayer book and was ficrmitted to 
read a lew sentences of the Liturgy to 
his dcMimcid companions. Then the 
fatal order was givtm : the sepoys 
poured in a volley of musketry, and 
all was over.” 

But worse was to follow. The 
women and children, with whom were 
joined those from Futteghur, making 


altogether just over 200, were huddled 
together in a couple of rooms. 

On July 1st Nana Sahib went oil to 
his palace at Hithoor, took his seat 
upon a throne*, and was installed as 
Pc‘ishw.1. while cannon roared out in 
his honour and at night the whole 
town was illuminated and lire* works 
were let off. 

Then suddenly it was heard that 
luiglish reinforcements under (ic^neral 
Havelock wcire on their way tcj Cawn* 
poT(' from Allaliabad. Sepoy forces 
went out to meet them and suffered 
threes d(‘f<*nt.s. <.)f the amazing ex]doits 

of this little^ British loirc, p.irticularly 
of the gallant Highlanders, who 
marcluHl and fought undc*r the terrific 
sun in uniforms more fitted for (ireen 
land than lor India, thc*re is no space* to 
tell, but the story should be read by 
every Briton proud of his h(*ritag<‘. 


The sepoy fugitives returned to 
Cawnpore, and then came the* (‘rown- 
ing atrcx'ity of the Indian Mutiny. 
The cowardly scoundrel, in revenge, 
ordercxl the slaughter of tlu.* 200 women 
and children. 

Every po.ssiblc humiliation had been 
h<\'iped upon them during their cap- 
tivity. Each day two ladies were taken 
across to the Nana's stables and made 
to grind corn at a handmill tor hours 
together. To the ICastem mind the 
crowning degradation of a defeated 
enemy is when his womankind grinds 
corn in the house of his slayer. 

There were still alive several English- 
men, a couple of colonels, a judge, 
a merchant and his^ son, and a boy 
of fourteen. On the afternoon of 
July 15th Nana sent for these. They 
stood before him, and then at a nod 


from the Peishwa a line of sopoys^ 
levelled their mu.skets and shot down 
th(.‘ half-dozen helpless victims. 

Just before five o’clock that after- 
noon a woman from the Nana’s house- 
hold stepped inside the door of tlie 
building where the women and children 
were confined, and looking at them for 
a moment or two announced tliat they 
were all to be killed. 

It was true, but even the sepoyjj 
shrank from such cowardly brutality, 
A messenger came and ordered thorn 
to fire through the windows upon th(^ 
women and children, who weie now 
praying. They obeyed, after some 
hesitation, and amid smoke and llamc 
many of the poor captives were killed 
and wounded. 

'fhen five men carrying swords went 
in and finished the dreadful work. It 
is too terrible to describe. Twnce the 
sword of one of the men broke 
and he caim^ c^ut to get a fresh 

OIK*. 

The lu'xt morning the b(.di(*s, 
some showing signs of life, were 
dragged out and thrown into a 
well, while a crow’d hjoked on 
I'he dieadfiil spot is marked by 
a monument and an angel, with 
an in.scription wdiich tells the 
story of the Well ol Cawnpore. 

The Flag Kept Flying 

It is a story that must n(‘ver 
be forgotten so long as the 
haripire lasts No vv<.>n(ler th.it 
when Haveloc'k's Highlanders 
event nail V readied C\uviq)()re 
they cxacUsl a terrible ven- 
geance* for this atiocity. And 
who would dare to say Ilu*y 
w'«*re not right ? 

It IS the fashion, nowadtiys, 
lor critics living in eomf(n1al)le 
Engl.ind lo (-oiid(*mn ni.inv ol 
the men who pul down the 
Mutiny. But it is a pity they 
do not make themselves a lit Ik* 
nuxe ('onversant w'ilh the decxls 
comniitled by the natives on 
hel])l(‘.ss w^omeii and children 
during the Mutiny itself. 

Tliere has been space to tell 
only a few* incidents (jf this 
terrible outbreak, but what has 
been recorded was multiplied in scores 
ot centres, and by June a great area 
of Northern India wa.s ablaze with tens 
ol thou.sands of well-armed rebels in 
control and only a few handfuls of 
British troops to resist them and keep 
the British flag flying. 

The natives might well have thought 
the British power, in accordance wdth 
the prophecy that had bcjcn spread 
among them, had come to an end. 
But a few' gallant m(?n began at once 
to gather small forces to n^capture 
the rebels’ strongholds, and to win 
back to British allegiance the revolted 
areas. 

It is a great story, and is told on 
page 1371 and the following pages. As 
we read the dramatic narrative we may 
well exclaim ** There w'ere giants in the 
Earth in those days 1 ” 



The memorial that stands over the tragic well at Cawnpore 
the scene of the Mutiny’s crowning treachery 
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THE GREAT VALUE OF THE CRANK 

Without the crank to turn to-and-fro motion into rotary motion we should be deprived of all sorts of useful 
machinery, not only on a large scale, but in such simple things as the grindstone and the sewing-machine. 
The crank is also used for changing the direction of motion, as in the old-fashioned bell crank shown on page 4. 
Here we read some interesting things about the crank and James Watt’s ingenious substitute for it 


crank is one of the most in- 
>4enif»us adaptations of the k^ver 
that can be found, and it is 
used in all kinds of machinery, as, for 
example, in the sewing-machine, the 
lathe, the grindstone and the steam 
engine. 

It really consists of a simple k^ver 
and lakes various forms. In its most 
elementary form it is an iron axis with 
the end b<mt like an elbow, and is 
generally used for traiisforriiing n*- 
riprocating or to-and-fro motion into 
circular motion. 

One of the simi)k‘st examples of 
this is the knife-grinder’s machine, 
sli<»wn on ]>ag(‘ 4, and we can s(‘e the 
crank at work on any steam engine, 
such as a locomotive. It enables the 
justori, by means of a long connect ing- 
lod which goes backwards and forwards 
as the piston is driven to and fro, to 
liirn the big driving-wlieels of the 
locomotive. 

A singk' crank can be used onlv 
on the end of an 


for pumping had had onlv an np-and- 
down motion. 

Watt, who was a v^ry busy man, 
found that by ajrplying the (rank to 
the steam engine h<‘ could g<'t the con- 
tinuous rotary motion desin'd. 1‘he 
crank itstdf was old. It was lound in 
(*v<‘ry spinning wlicel and gnndsbmc 
and foot lathe in the country. 

Hut while Wat^. was producing a 
crank (‘iigin** at his works near Birming- 
ham, a S])ving rogue gained information 
about it. made drawings and, rushing 
off to Londem, fiatented the stolen 
idea ns his own Tie had obtained tlu* 
informati(^n trom Watt's wairknaai 
chattering in a public house. Mattlu'w 
Washboroiigh was the name of the 
thief, and Watt was tlnis prevented 
trom using his own idea. 

Watt had not troubled to jnitent 
the id('n himself, as be thought that tlu* 
(Tank, being so old, would not lie 
a(X'e|H(‘<l by the Patfmt Oftice as a n(‘w 
invention when applied to the engine. 


Washboroiigh hoped that with the 
.stolen patent he would be able to 
blackmail Watt into paving him a 
kirg(‘ sum of money for flu* use of 
the inv-Tition, but Watt, a man full 
of resoun'e, immediately set to 
work and invented a new ck'vice for 
transforming to-and*fro motion into 
rotary. 

This was known as the sun and 
plamd motion. In tliis devic(i there 
are two gear wheels, one being fixed 
on the axis of a flywheel and th(* other 
being fixed to the end of the connecting 
rod of the piston. The latter docs not 
rev()]v(‘ on it.s own centre, but moves 
round the other gear wheel. 

As the, ( oniu'cting-rod nios'cs to and 
fro the wh(*el on its end is carru^d round 
the circumferenc(‘ of the other tofithed 
wheel, and when tht? motion ot the 
connecting-rod is reversed a continuous 
rotary movement is produced by the 
momentum of tlu‘ flywh(*e! 

In sonm points tiie .sun and planet 
d e v i c e lias an 


axis, but some- 
times it is neces- 
sary tliat the axis 
should be ('xtend('d 
on botli sides of 
that point where 
the t o-and - fro 
motion IS applied, 
and in that casi', 
what is known as a 
double crank is 
employed. The 
engine of an ordi- 
11 a r y p a rl d 1 e 
steamer furnishes 
a good example of 
t h c u s t* of t h e 
double crank. 

Who was the 
first man to invcuit 
this excised i ugly 
useful device ? We 
do not know. It 
is <in o 1 d idea, 
which is constantly 
being ada}>ted to 
new uses. When 
the steam engine 
was improved and 
made practicable 
by James Watt its 
employment for 
producing con- 
tinuous rotary 
motion was one of 
its most useful 
applications. The 
older engines used 



In the upper picture we see how tlie single crank changes to and fro motion into rotary motion, 
and at the bottom is shown the Sun and planet device which was James Watt’s 8ub.sUtute for the 
crank. On the left is the double crank as used in the engines of paddle steamers, and in the 
middle the bell crank for changing the direction of motion 


advantage (iver 
the crank, but 
owing to its higher 
('ost m the first 
plac(‘ and the tact 
that it i.s easily put 
out ot onku*. it was 
supplanted by the 
crank 

Watt's idea 01 
applying the crank 
to the steam engini' 
cami* wlnl(‘ he was 
watc'hmg a lathe. 
In that machine 
the impulse given 
to tilt.' (-rank in lh<; 
descent of the loot 
is continued in its 
ascent b y t h 0 
momentum ol the 
wht^el, which acts 
as a 1 1 y w 1) (. e 1. 
Walt, unwilling to 
load his e n g i n c 
with a fly w heel 
heavy enough to 
c o n 1 1 n u t‘ t h c 
motion during the 
.ascent ol the piston, 
firoposcd at fust 
to employ two 
engines acting 
up»)i) two cranks 
(in the saint' axis 
at an angle of 
120 degr(^es to one 

another 
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These piciures show in simphfied torm how the points on the railway wora, so that a tram can pass straight on or De switched round 
into a side line. The signals and the points all work together so that by interlocking absolute safety is ensured. In the left-hand 
picture the points and signals are clear for the branch line, which turns off to the left, and a train has just passed over the points on 
to that line, the signal for the branch line, which is down, indicating that the line is clear The main line signal which is the upper 
one. says “ Stop, ’ and it cannot be pulled down to clear the main line while the points are open to the branch line. This is because 
the slotted slides in the detector are fixed, as can be seen. Neither can the points be moved while the branch signal says " Clear,” 
because the slides are interlocked and held fast. The signalman in his box, which is not shown, is about to switch over the points 
for the next train, which will run straight on along the main line. He pulls a lever which raises the branch line signal, and this moves 
the signal slic’e Uong, so that its slot is in the slot of the points slide, as shown in the right-hand picture. Next the signalman pulls a 



so AS TO ENSURE SAFETY FOR THE TRAINS 



lever which raises the locking bar, and by a series of levers withdraws the bolt of the points. The locking bar, which works up and down 
on pivots, is pressed down when a train is running over the line, which drives home the bolt more securely and locks the points firmly. 
The bolt having been withdrawn by the raising of the locking bar, the signalman can now pull over the points with his lever, and having 
done so relocks them with the locking bar as shown in the right-hand picture. He is now free to move the main line signal down, 
the slots being in such a position as to allow him to do so. The action is now complete, the points being in position for a train to pass 
along the main line. The main line signal in the right-hand picture stands at '* All clear,*’ while the branch line signal says Stop.” 
Hiis branch line signal cannot now be moved to the ” Clear ” position because the points slide and the branch line jlide are locked 
immovably. Neither can the points be moved so long as the main line signal says Clear.” The whole system is a very ingenious 
one. To make the explanation clear, the rails and rail-chairs have not been drawn to the correct scale in eitner of the drawings. 





THE NEWEST MACHINERY IN THE OLDEST INDUSTRY 



Af^riculture is the oldest ot all industries, unless hunting can be called an industry. But though agriculture dates back to prehistoric 
times, and in its methods remained unchanged for centuries, it is now being mechanised like all other industries. The photographs 
on this page show the latest methods of breaking up the ground and uprooting the weeds so as to make the soil fit for the planting 
and rearing of crops. Here we see a caterpillar tractor pulling a four-bottom plough and breaking up the ground raoidly and efficiently. 

The old methods cannot compete with such machinery where farming is carried out on a large scale 



In this picture we see a machine known as a cultivator at work in a huge lettuce field in the Imperial Valley, California. The cultivator 
is dtiven bv a caterpillar tractor, and as it passes between the rows of growing plants it uproots the weeds and banks up the earth at 
the sides of the plants Of course it is more difficult to use such machinery in a country like England, which consists of small farms, 
but even in Britain tractor-drawn machinery is displacing the horse-plough and the simpler tools worked by hand or horse power 
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MAKING THE COAL FIT FOR BURNING IN 


W HEN the coal 
reaches the 
mouth of the 
pit there is still a f^reat 
deal to do before it is 
ready for burning in 
our grates. When it 
arrives at the top in 
trams or trucks, <'arh 
tram is ])laced on a 
weighbridge a n d t h e 
weight carefully noted. 

The tram, loaded 
with coal, is then 
caught by the fingers 
of an endless chain 
known as a creeper, 
which drags it up an 
incline, wliere it runs 
into a tippler, which is 
lik(; a great iron cask. 
A lever is pulled and 
the tippler turns round, 
shooting the coal out of 
the tram on to a sloping 
scre<»n below. 

This screen consist.s 
of iron bars, anrl the 
larger lumps of coal roll 
down, the smaller 
pieces and the dust 
falling through between 
the bars. The large 
pieces drop on to what 
is known as a picking 
belt, an endless chain 



Here we see how small coal is washed. It passes into a trough with two compartments. 
On one side of the division, which does not reach <juite to the bottom, is a sieve on 
which the unwashed coal falls. On the other side is a piston and as it works down 
it forces water under the division and up through the holes in the sieve, forcing 
up the coal and dirt. Then at the up ilroke the water recedes, the shale and dirt 
fall quickly, and the coal being lighter it oaught by the current and carried over the 
edge into another trough, as see happening in the drawing 


THE FIRE 

made up of iron plates 
faslent'd together. Men 
slaud on each side of 
this belt and pick out 
impurities, like stone 
and shah*. Tlie men 
who do this have to be 
«.]uick at their work, for 
llie coal travels ])asl 
tluun at a good speed. 
The t lea n coal the*!? 
falls from the belt into 
a chute, ami down into 
the railway trucks 
waiting to carrv it 
awa V . 

The smaller coal 
wdiich fell between the 
bars of the si reen is 
again passed over finer 
sc n 'en s se ve ral t it nes . 
and after the biggei 
rubbish is picked out 
the smallest coal of all 
has to be washed to 
riunove from it iinpuri- 
ti(‘S that could not be 
picked out by hand. 
The picture on this 
page shows the kind of 
apparatus that is used 
foi this work. Without 
this cleaning process 
the coal as it comes 
from the pit would be 
a very unplea.sant fuel. 



In this photograph we see anthracite coal being carried on endless belts to a machine in which it is broken into suitable sizes, washed and graded at 
the rate of i«5 ooo tons a day. This is at a Pennsylvania mine. The man at the switches regulates the rate of travel to the hoppers. In America, 
where closed' stoves are used, the domestic coal which is burnt is generally anthracite. This contains a much higher percentage of carbon than the 
bituminous coal used in England, which contains a good deal of gas, Anthracite burns slowly with very little smoke or flame, but throws out great heat 



WHAT GOES ON INSIDE A COOLING TOWER 



We shall have noticed at many ot the «reat electric power stations tall concrete buildings in shape something like a railway milk churn. What 
are they for ? is the question many people ask. Well they are for cooling water, and are found on’y at those power stations that arc away from 
rivers, and where water is expensive. Near rivers a constant supply of water can be obtained from the channel, but in other places the water must be 
used over and over again. The water which runs in pipes is used to condense the exhaust steam from the turbine engine so that it can Ito used 
again in the boiler for generating steam. Now the water in the pipes gets warmed by the surrounding steam, and must be cooled. This is done 
in the lower, to which it is conducted through a big pipe, as shown here. It runs into large troughs and thence into smaller ones, which are 
perforated so that the water can pass through. As it does so it falls on splash cups which spread it as a spray, and it afterwards drops down upon many 
stages of planking which still further break it up into spray. The air in the tower being warmed rises and cold air from outside rushes in at the 
bottom of the tower and cools the water now broken up into very fine spray. It then falls below into a reservoir and is conducted back to the 
condenser twenty degrees Fahrenheit cooler than it entered. One of these great reinforced concrete towers can cool as much as a million and a 
half gallons an hour. The water runs through the tower at the rate of six miles an hour. The towers have superseded the old wooden coolers 
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THE MARVEL OF THE ELECTRO-MAGNET 

The electro-magnet is quite a simple device, hut without it many ol the electrical machines used «‘very day 
would be impossible. It depends for its action upon a remarkable natural property of iron and was first put 

to practical use in 1 820 


W lC all know that we can ( han^^e 
a bax of iron or steel into a 
rnai^net by stroking; it in on< 
direction with anotlier luaj^nrl It 
takes inneh longer to iiialo^ tlie steel 
into a magiuX than the iron, but, on 
the othiT hand, tlie iron loses its 
rnagn(‘tisni niiich inoi(‘ (juiekly than 
the steel. 

Now th(‘r(‘ IS another way in whieli 
we (.an changt* a bar ot iron or sletl 
into a magnet and that is by passine 
a ( urre'Ht ol (‘h'Otrieitv along a eoil ol 
insulated copper wire in 
the hollow of which the 
bar ot iron is pla('(‘«b 
This magru'tises tile 
bar more jiowertnllv 
than any other met hod 
Hut tlieie IS a very 
cm ions thing about 
this If th(' bar 1)0 soft 
iron, that is pure or 
almost pure non, the 
bar will lu' a magnet 
only so long as the 
elecine eurrcnit is How- 
ing along iIk' wiri' Cut 
oft the ('urnuit and t he 
iron iniinedialely <-eas<*s 
to b(' cl magnet On the 
other hand, if the bat 
IS (d stet 1 It will be- 
come magnetised miK’h 
inoie slovvlv, but wlieii 
tbe current is turned 
ott it will still nuiiain 
a magnet. 

'l‘lus pH»]H-rty of iron 
is of lh(‘ greatest S(‘r- 
vict‘ to mankind VV<' 
liave alri-adv st'en on 
page (>37 how' valuable 
to us IS the ])iop(uty 
of wa 1 (‘r which (Muses 
it to I’xpand as it is 
about to freeze so that 
ice IS light(X tlian watei 
and tloats in 1 he li(|uid. 

Were it not ior this the 
seas in the temt)erat<’ 

H'gions would become 
froz(Mi solid and 
countries like the 
British Isk's w'tuild bc- 
conic* ice-locked and 
uninhaViitable. 

Well, m the same 
way this curious 
property of iron, 
which caust's it when 
pure to become tiasily 
magmdised and de- 
magnetised and when 
it is hardened with a 


small portion ot carbon to heconu* 
jiermanenlly magnetis('d, though with 
inor(.‘ dillu'ulty, is ot untold valui' 
in (‘l<‘etric,al (Migineenng. Without it 
our ('lertrie Ixdls and IcdegiMphs and 
many more elaborate ma('hin(‘s w’onid 
not woik .it all. We (.in scm* this m 
th(; ( ase of th(‘ bell on pag(‘ i2o, and 
th(‘ teiegta])Ii nistr. ment on page 202. 
'Idle grt*;it magnets for lifting and 
loridiug m.isses ol iron shown on pages 
307 300 would bt‘ ust‘l(‘ss if thc‘ 

m.igiK'l eiMihl not b(‘ made and im 


m.ul(‘ at will bv the turumg on an(i off 
of tlu; cnrn'iit as n't^mnnl 

It was this disi'ovt'rv bv Mans f)er- 
stod (177T iK^i) (d how to make 
eUxdro-inagnet by passing a current 
along an in^iilatetl (opi'er win* wound 
round an iron cote that ‘started tiu' 
great sidiaiee of e](‘(‘ln(.il engineering 
and kxl to so manv of tod.Lv ?^ rua< limes, 
William Stnrg(*on tiist us(‘d the 
name eleetro-in.igiiet , and he «hd much 
to apiily OeistedN disiovery to 
pta( ti( :il us('S. I Tis first 
(‘l<‘( 1 ro - niagiKU was m 
tlie ionn ol a horse*- 
shoe, \\ lii( h w.(s m.ide 
from a rod oi iron a, 
loot long and lialf an 
im 1) in d 1 .1 m el er 
Round 1 his he < (»iled a 
st(uit eo{)p(‘i wire with 
onlv iS turns 

Win n the ( urreiit 
Irom a single eleetric 
((‘11 was p.issed along 
the wire, tlu' iron b(* 
came a magnet strong 
enougli to hit a wiughl 
of iim(‘ pounds Willi a 
moi’f' powei lul bat trn'y, 
however. tli<‘ magnet 
lilt(‘d tilt V pounds 
In addition to bmng 
under tlie (ontrol of 
the (urnmt, so that 
wluMi the ('ll cult IS 
ma(l(‘ the non bee'onu'S 
a maj’uct and wdieii it 
IS bn^kc'ii the iron is 
(1 (' m a g 11 e t 1 se d, the 
(‘k’l't 10 magiKU h.is t h(‘ 

1 u r t h e r g r <* .1 1 ad- 
vantage that il can 
be <’ont rolled from a 
distaiu'e l)v irK'ans of 
a kev 01 swit( h. 

in making an (‘lectro- 
magiKd it IS necessary 
to insulate the wire and 
to se(' that the iron 
that IS to b(‘ inagiu'tised 
does not torn h thewne 
ol the s))iral. lor in that 
case the current w^ould 
short-circuit, that is, 
taken short ml through 
the iron from one turn 
ol the wire to the next 
instead oi going round 
and lound the spiral. 
Some enormously 
powerful el('ctro-niag- 
iiets an^ now' being 
made and list'd. 



These pictures show the principle of Uie electro-magnrt. When a bar of soft iron, 
either straight or bent into a horseshoe, is placed inside a coil of copper wire and a 
current is passed along the wire, the iron becomes a magnet, as in the upper picture. 
Directly the current is cut off, as m the lower picture, the iron cea.scs to be a magnet. 
Were il not for this the electric bell and the telegraph would not work. Which end of 
the magnet becomes the north pole and which the souflh depends upon the direction in 
which the wire is coiled round and the current passes. If we look at the north pole 
the current is always passing round anti-clockwise, and if we look at the souUi pole 
it is passing clockwise, as we see at the bottom of this drawing 
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A MISCELLANEOUS SET OF EASY EXPERIMENTS 

O N tins page is fIf\srnhoiI a sot of the bottle will cause a great deal of heat end of the radish The radish will hold 

o\j)enmeiits ilhistniting various wliicli will very soon raise the temperature tlie plate in the same way as a leather 

scicnlihc principles of the water inside. sucker adheres to a paving stone. 

We have read in oth t parts of this hook Now an experiment to illustrate specific Next we will ]>erfc)rm a simple electrical 
a good de:d about a tioii and reaction. gravity We take a long glass ]ar and experiment. We cut out a number of 

anil how thrv (oniein ►everv department hll it witli water from the tap 'Phen wc* very small butterflies and tie a thin silk 

of our lives Wei h re is a very inter- place in it an egg. which at once sinks thread to each The other ends of the 

esting ami surprising xpcrinicnt to show to the bottom because it is heavier than threads we fasten to a patch of sealing 

the pf>w(‘t (>l rr.H tioii lire water. Next we take a length of glass wax on a paper or card. Now we take a 

Trike .111 apjile and cut into it a little or rubber tubing and place this in the piece of thick brown paper, and after 

wav with ,1 Unite that the a]>t)le nia\ jar so that the end reaches to the warming it lay it on a wooden table and 



The first picture shows water in a bottle being heated by friction outside. In the middle is a novel method of cutting an apple in two, 
and on the right an experiment showing the great advantage which we gain from having two eyes instead of one 


ridherc to the blade as sliowii. Then bottom In the miper end we place tlie rub it smartly in one direction with a 
with a hammet give a short sharp blow neck of a small luiinel. and then pour clothes-linish or woollen cloth. This elec- 

on the knife blade You will be aston- gently into tlie jar .some tullv saturated trifie.s the paper, and if we hold it above 

islied at the result, foi the movement down brine, enough to occiijiy hall the jar the biitterllies they will at once spring up 

of the blade as the hammei strikes it Phis being lieavier than plain water will to tlie brown papei. as shown in the pu - 

causes a reaction on the part of the remain at the bottom of the )ar and the ture on this fiage, 

ripple in an upward dirertion, and in a plain water will flow over the top of the The last expennient is one in connection 
monienl the apjile vs'ill Ikj cut in two |ar. Because of this we should perform with sight. Hang up a small ring like 

with a very clean cut througti skin, fiesh the experiment in the smillery sink. Then a weddiiig-nng by a thread 'I hen take 

and core. a stiange thing happens The egg being a straw by one end and, standing some 

Here is an interesting experiment in the lighter than brine will rise to the top of it distance away, pass the other end through 



On the left is an experiment with an egg illustrating specific gravity The next picture shows a radish holding up a plate by suction 
and on the right is an electricid experiment with paper butterflies on the ends of silk threads 


changing of the form of energy. We and remain floating in the middle of tlie the ring. This is easy, but now close one 
change mechanical energy into heat in this jar where salt and fresh water meet. eye or bind a handkerchief over one eye, 

way. Bill a glass Ixittlc with cold water. Here is an experiment to show the and it will be much more difficult to find 
Then while someone holds it steady, place power of suction. Cut a gocxl-sizod radish the centre of the ring. We should try 

a duster or cloth round it and pull this to across ttie middle ami press the cut surface both eyes singly in turn. The experi- 

iind fro rapidly, drawing it tightly against down upon the centre of a tin or enamelled ment shows the great value of liaving 

the glass The friction of the cloth on plate, Then lift the plate bv the small two eyes and not merely one. 
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WHY IT IS FOOLISH TO STAND UP IN A BOAT 



One of the most elementary rules taught to boys and girls who are learning to row is that it is dangerous to stand up in the boat, as, for 
example, to change places while on the water. The pictures on this page show the reason why we should not stand up in a small rowing 
boat. Here the boys are seated so. that the bulk of their weight is kept low down. The centre of gravity, therefore, of the combined 
boat and boys is also low and the boat is in a position of stable eq|uiHbrium. We read about equilibrium on pages 33 to 35. A body 
IS in stable equilibrium when its centre of gravity is low duwn and any slight tipping of the body tends to raise the centre of gravity 



In this picture we see the boys standing up in the boat and, as can be easily Understood, their action has thrown the centre of gravity 
of the combined boat and boys much higher than it was. The boat is now in a position of unstable equilibrium something like, for 
instance, a peg-top balanced on its point. The result is that the least jerk or movement will send the whole concern over, for the 
tendency of any object in unstable equilibrium is to fall over, lower its centre of gravity and come to a position of stable equilibrium 
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AKLINER THAT USES JET ENGINES TO DRIVE 



7 //< hnlannift r- nuivtic-d hv a frr.-r of mui im nninuuUiics up j<n 

Hiirr'> I hit I is <//>o rooiii fot o.,{ r o Ion of iiniti tnul / hr hull i\ 

; Unit IS, fhi pu'-^tmyr mul rtin- t nin/i{irfninit\ utr •^rolul from 
Iht oul^tih nhtu>\/thi fr tnul krpt at Iht •^unu air tondtiion'^ a\ on the iinnnui 
io prnnit tincoiiilf^ri u hni uu airtiaft i\ flynu: thnnt'fih the rarcUnl an tha' 
fus/s at its aUiluilt of watlv fire tnile^ ul>ovr the earth Amnifist 

ollur iomforts for the p(^s>rtl•^er^ art a small lihrary. and an eh tine kill hen 
m f. hu h hut meal'- an prrpand dunnt; /lii:ht. / he nil tn istarefullv insulated 
uvtnnsl tun'll' itom the nt'^nii amt i\ kept at a comfortablt temperatun hv 
artifuial heatnv^. 


."i/- ? 


/ ht /.n.^/o/ Kti/otinia has a n'ln." span of i |:> Jeef, is 12.1 feet lony,, and 
u'hen on the ^•round is /<r/ hf^h from the landniK wheels to the )tp nl 
the fiisflavt I] hen fully laden, the aircraft rceifths 58 tons, of udiith 
II ions is futvload. I‘a)‘load is the total wetf^ht nj passtrnt^ers and 
fieiKht that tan he tamed hv the am raft in fittUit. /'he aircraft has 
a cruisuir, speed of H 75 an hour ami tan fly to a distance of 

miles inihout refuelling. 


Aircraft powered by turbo-jet engines, which depend upon the thrust of the jet stream for their forward motion, have to travel very fast 
**'”^^*^*' altitude of about eight miles if their engines are to develop their full efficiency. On the other hand, a propeller driven aircraft 
IS emcient at comparatively low speed, but its power unit, if a piston engine, is complicated, and its pistons and other moving parts are 
subject to excessive wear and tear. Most of us might think that the speed and comparative simplicity of the jet aircraft would make it the 
obvious first ^ choice for commercial aircraft. Contrary to popular belief, however, high speed is not always the most important 
factor in airline operation. Although jet-propelled airliners such as the De Havilland Comet 4, planned to go into service in 1958, can 
Mstride oceans and continents at over 500 m.p.h., such speeds burn enormous quantities of fuel, and fares must be high if the jet air- 
liner is to pay its way and no airline could make a profit by catering only for the comparatively few passengers willing to pay high rates 
for the privilege of nying at 500 miles an hour. With a view to compromising between the jet airliner and the piston-engined aircraft, 









rrs PROPELLERS AND FLY AT 375 M.P.H. 



Biitiili totems CTolTOl turbo-ptopeto lirerplt like »• Btitol MUnpU. The Britemie hu tohmj WAo-jet eto™*, tet mtt 
•eresneeiieer mniint-Ml nn the front of pach etiKinc Shaft carrying the compressor and turbine. In the ordinary jet engine* about two- 
fhfrr^f the ^^rough th^e turbine (a.s explained in page 248). and the rest is used for 

:.i nrnnnUinn Wth the turbo-orooeller engine, the power developed at the compressor and turbine shaft drives a profiler, pe 
jet propulsion. WiA the turbo-popwer engne, me p »^liary push to the forward movement induced by the propeller. 

s f™Son^s?ol~«te ^thfs^^ ^Tuto af the jet aWhier. but at cheaper fares. Thus the Comet will carry p pa»«ngers 
VorSutes at a swed “roversw^^^ the Britannia^arries 100 passengers a ^stance of 5,300 nules 

non stop at a^speed of 375 miles an hour. In other words, the Britannia can be compared with a fast 20-coap tram travelhng from 
Undon^^to Aberdeen, and^Uie Comet with a non-stop ten-coach deeper express maintaining a service between London and Edinburgh. 






MYSTERY RAYS THAT BOMBARD THE EARTH 


T fiK<)irGfK)UT your life you are under 
constant bombardment from outer 
space ; while you read this line 
o[ tv'pe, thousands of invisible bullets 
had travelled millions of miles to ])ass 
throuf^h your body. "I hese invisible 
bullets arc called cosmic rays because 
they come from somewhete as yet un- 
known m the cosmos, which is a Greek 
word meaning the universe or outer 

spai'e. 

But altlioiigli scientists know that 
cosmic rays exist and have designed 
instruments for detecting their presence 
and intensity, very little is known about 
them. Despite eudle.ss research, the 
origin of cosmic rays is one of the great 
mysteries still to be solved by science 
It has been found by means of 
special detectors that cosmic rays have 
treniendfiLis penetrating power. Ordin- 
ary light penetrates only to a very small 
distance into opaque matter. 'I hiis, a 
.sunshade or a blind will stop most oi 
the sun’s rays Irom shining upon us. 
and a thin slieet of asbestos will shut 
them out altogether. Of course, X-rays 
and, as explained in pages 1125-1127, 
the radiation Irom atomic fi.ssion have 
a much greater penetrating power ; but 
even the latter can be stopped l)y a 
wall of concrete. 

On the other hand, cosmic rays will 
pass through a six-hiot 
mass of lead. In other 
words, if you wanted to 
escape the bombard- 
ment of cosmic rays 
you would have to live 
ill a house with roof and 
walls ol lead at least 6J 
feet thick, ('osmic rays 
continue their bombard- 
ment on the to])s of 
mountains, in the frozen 
Arctic regions and in the 
hottest parts of the 
tropics. 

Another curious fact 
about cosmic rays is 
that although tiiey 
|)enctratc through mil- 
iitm.s of miles of space 
into the deepest mine 
shafts on the earth, 
they lose much of their 
penetrating power in 
water. When they strike 
the ticean, the rays do 
not jienctrate to a 
greater distance than 
100 feet ; this is con- 
siderably less than the 
depth to which light 
penetrates in water. 

Data collected by 
recording instruments 
carried into the higher 
layers of the atmo- 
sphere have proved that 
the rays t>ecome weaker 
as they approach the 
earth. It is indeed for- 
tunate for us that the 


earth is surrounded by a iairly 
dense atmosphere able to absorb the 
cosmic rays and so greatly reduce their 
intensity. 

If there was no atmosphere to absorb 
the greater part of the rays coming from 
outer space, our world would be a 
barren place on which no animal or 
[dant could exist. Not only does the 
citnios])here reduce the cfiect of cosmic 
rays, but the earth’s magnetic field acts 
upon them as a kind of regulator to 
measure out the amount we can receive 
without harmful effect. 

Cosmic rays were discovered in 1893 
l)y Profe.s.sor C. R. Wilson, a Scots 
scientist who was studying the causes 
of the rings fir halos of coloured light 
which in hillv districts sometimes sur- 
round a shallow thrfiwn on mist lying 
on slopes below the position of the 
person shadowed. 

As explaineil in the article on j>age 
1 71. the halo is caused by the con- 
densation of water vajKmr, and Pro- 
fessor Wilson proceeded to find out 
what caused the water vapour to 
condense. His experiments proved that 
most of the water drops were formed on 
du.st particles in the air, but that a few 
of them appeared to he formed on 
electrified molecules of air called ions. 
Further experiments then suggested to 


Wilson that some other ions might be 
caused by a penetrating radiation that 
came from outside the earth. 

About the same time, a German 
scie‘ntist named Gietel came to a 
similar conclusion, and in 1912 an 
Austrian scientist called Hess proved 
that such radiation existed by gfiing up 
in a balloon and measuring it. He also 
found that the intensity of the radiation 
increased the higher he rose in his 
balloon, 'fhis suggested that the radi- 
ations were coming down irom outer 
space, so Hess called them cosmic rays. 

Scientists thereupon began to devote 
a great deal of attention to cosmic rays, 
and some remarkable discoveries have 
.since been made. 

In the 1920s it was thought that the 
world and everything in it was made 
up from two particles of matter : the 
proton, which has a positive electric 
charge, and the electron, whicli has a 
negative electric charge. In 1932 
Professor ('had wick was .studying the 
radiation from radio-active elements 
and found a third particle, the neutron, 
which has no electric charge at all. 

1'hen the scientists who were trying 
to solve the mystery of cosmic rays 
discovered that the rays contained tw'o 
more particles. One of thc.se was the 
positron, which does not exi.st on earth 
but is only created 
temporarily when light 
waves fall on matter. 

The second particle 
found in cosmic rays 
was the niosoii. so 
called because its weight 
IS believed to be between 
that of an electron and 
a proton, 'riuj electron 
is the lightest partich* 
known, and the meson 
is about 200 times 
heavier, while the pro- 
ton is alMuit ten times 
heavier than the meson 
or two thousand times 
as heavy as an electron. 
Like the positnm, the 
meson exists for fuily a 
fraction of a second. 

When speaking ol 
the weights of particles, 
one mu.st not think in 
terms of pounds or 
ounces, but in terms 
of lightness which are 
beyond our power to 
imagine. It i.s very much 
the same thing its mea- 
.suring distance in 
thousands of light years; 
a light year is the dis- 
tance light will travel in 
a year at a 8j)eod of 
186,000 miles a second. 

Even now scientists 
are not certain that 
the y)ositron and the 
meson are the only fiar- 
tides in cosmic rays. 



The mysterious cosmic rays which reach the Earth from all directions are 
exceedingly penetrating* and if we wanted to escape from them we should have 
to live in a room ^th walls* roof and floor made of lead feet thick* 





TfflS MAKES THE ENGINE WHEELS GO ROUND 



If you are ever lucky enough to be invited on to the footplate ^ ^e of British Railways' Pacific type locomotives, this is what you 
will see. On the left sits the driver in front of the six main con^^li. i» The regulator, which admits steam to the cylinders and has 
the same effect on the engine’s speed as has the accelerator on 'liieed of a car. 2, The vacuum brake lever, which applies the brake 
on every coach making up the train. 3, The steam brake levff» which applies brakes on the engine only. 4, The whistle. 5, The 

reversing gear, which alters the “ cut off,” or period of steam amllBion. At high speed an engine works on ” early cut off,” and at 

low speeds on ” late cut off"; if the wheel is moved far enougtl^t& engine will travel backwards. 6 , The sand lever with which the 
driver blows steam down a pipe and forces a spray of sand uild# fie driving wheels, so giving them a grip when starting up on wet 
rails ; there are two sets of sand pipes, one for forward and one Jof reverse running. At the right, behind the fireman, are the hand- 
wheels controlling the supply of water from the tender to the b«l«ir. A sectional drawing on pages 1350 5 * shows the chief outside 

parts of a Pacific locomotive and explaiiti .lioifr they maKe the engine’s wheels go round. 

T Hii Pacific type locomotive is oiilv sengcr and goods trains on most routes, the move, can be workinj^ quite fast 
one of the Imndrcds of differen’t Every new British Railways locomo- when the train is travelling slowly. If 
classes of engine running on tive i^ built to combine the best of the the pistons did not work fast they would 
British Kailways. They vary in weight practices of the former companies, and ruit be able to tran.smit enough power to 
from forty to over a hundred tons, and it is intended that these practices sliall the wheels to keep a heavy freight train 
the number of wheels may be four or be incorporated in some 20 standard on the nuive at all. however slowly Hut 
fourteen. Some classes contain many classes. Most of the new engines put an express engine must have big wheeJ.s 
hundreds of engines and others only one into service up to 1953 were steam to coyer more ground on each stroke of 
or two. 'J'hc reason for the many driven but other kinds of motive power the jiiston. 

different types is that the firivate raih were in troil need. Giant twelve-wheeled Ever since railways Viegan, trains have 
wav companies, which were natumalisecl «^^^‘^'tric locomotives are working pas- been getting heavier and heavier, and 
as British Railway.s in tg.:| 7, each built .sengor and freight trains on the Southern more powerful engines have had to be 
to their own design engines for every Region, and on the West Coast route to designed to haul them At first this 
conceivable duty. Scotland ^iic.sol -electric engines are in was done by making the locomotives 

(^lifh^rcMit cla.sse.s of service. The first gas turbine loconio- longer and fitting thom with more 
kxornotives made maintenance very tive, which began running m 1951, re- driving wheels and bigger iKulers. 
difficult and expensive when all the suited from ex])erinv‘nta! work with jet But tunnels and bridges limit the size 
cliief railways in threat Britain came aircraft. Many ]>eople think that one and weight of engines that ran use the 
under a single authority, and British tvjie of engine should lie able to haul any existing tracks, so engines of the .same 
Kailways "has been steadily reducing the kind of train on any route. But locomo- weight as before must lie made more 
number of classes. Many of the now tives must be designed for specific powerful. This is done bv having higher 
type locomotives that have come into duties. A heavy freight engine needs steam pressures and more efficient furn- 
service since X950 are what are called .small wheels so that the pistons, which aces to burn the coal that produces 
mixed, that is. they can handle pas- turn the wheels and keep the train on the steam. 
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HOW BRITISH RAILWAYS’ BIGGEST AND 


Pacific type rnrincs are built at the ('reive ivorkahopfi of Prihsh Railways for 
hauling the heaviest and fastest exprc^iscs beluren hmdand and Scotland. Loco- 
motives of this clasf. inUe soo /on trams non stop betteeen Lusfon. London, and 
< arltsle, / he tender tames mne tons ttf lotil and 4, <>00 i^atlons of mater ; more 
mater is puked up from troughs between the tails mhiU the ensile ts travelling, 
at speed Hie first Panfii eui\ine mas built by the farmer Jjmdon, Midland and 
Siotiish Railway Company and was named the Pnnee.ss Royal. 





In this picture diagram of a British Railways Pacific locomotive we see how an express engine works. Burning gases irom the coal 
in the firebox (i) are drawn through the boiler tubes (2) to the smoke<box (3) and then out tiirough the chimney. The water surrounding 
the tubes is turned into steam, and the steam, after it is “ superheated ” by being again passed through the hot flue gases, is led from 
the top of the boiler through the regulator to the steam chest (4). The valve, which is moved in the steam chest by the valve gear (5), 
admits the steam to the cylinder (6). The steam expands and forces the piston (7) along the cylinder. The piston is fixed to the connecting 
rod (81 and so makes the centre pair of wheels turn. The other two pairs are turned by means of the coupling rods (g) Other important 
parts shown on the drawing are : the smoke deflectors (lo), to prevent smoke and steam from blotting out the driver’s view of the road 
ahead ; the safety valve (ii), which allows steam to escape when the pressure in the boiler becomes too great ; the injectors (12), 
which force fresh water from the tender (not shown here) into the boiler to keep the level correct ; and the .sanding pipes (13) for use 
when starting up on a slippery rail. The engine and tender weigh 158 tons 12 cwt„ and together are 74 feet 4^ inches long. The 
cylinders, four in number, are 16I inches in diameter, and their stroke 28 inches. The boiler tubes have a heating surface of 2,523 
square feet, the fire-box 190 square feet, and the super-heater 370 squar ' feet, making a total 01 3,083 square feet, The steam pressure 
is 250 pounds per square inch and the area of the firegrate 45 square feet. Two of the cylinders are inside the frames over the leading 
bogie wheels and drive on to the leading coupled axle ; while the other two, as can be seen in the drawing, are outside the frames 
and drive on to the intermediate coupled wheels. The bogie wheels are 3 feet in diameter, the coupled wheels 6 feet 6 inches, and the 
trailing carrying-wheels 3 feet 9 inches. The tractive effort of the locomotive, which represents the pulling power at starting, is 40,300 
pounds. With four cylinders a great deal of steam is needed, and so there is a big boiler, with its greatest diameter 6 feet 3 inches. 
Inside the barrel are 16 steel super-heater tubes 51 inches in diameter, and 170 steel boiler tubes 2| inches in diameter, all 20 feet 
9 inches long and 7 feet x inch wide at the front, giving the grate area of 45 square feet. The smoke- box is 8 feet long and carries a 
chimney of new design. The regulator, instea 1 of being in the dome, as is usual, is in the smoke-box, while what appears to be a dome 


1.350 



FASTEST LOCOMOTIVE HAULS EXPRESS TRAINS 



in this drawing is only a casing covering the valves through which water is fed into the boiler from the injectors situated under the 
cab. The height of the engine from the rail level is such that the whistle, instead of standing upright, has had to be placed flat along 
the fire-box top so that the engine can pass through tunnels. The cab of the engine is large and roomy, with sliding windows at the 
side and a good look-out to the front. Tip-up seats are provided for the driver and fireman. On long non-stop jo irnsys a relief crew 
is carried and enters the engine through a corridor in the tender. The various controls in the driver’s cab are explained in page 1349. 





BURNING FOG FROM AN AIRFIELD’S RUNWAY 







This photograph shows you how jets of burning petrol were used at Blackbushe airport in 1952 to clear heavy fog over the runway. 

The aircraft coming in to land is an Elizabethan twin-engined airliner. 


O NL way to clear log from the ground popularly t ailed F.T.D.O. from its cleared the log to a height of joo feet, 

is to heat the air. 'J'his is hecau.se initials, to clear fog by heating the air, F. I.D.O. burnt 1,000 gallcms of 

heat at ground level warms the The l^M.D.O. inslallatum consisted petrol a minute, and because of its high 
layer of cold air above the fog and of long lines of perforated steel pipes co.st was not ea.sily adaptable to civil 

dissolves the particles of matter con- extending for 4,000 feet along cither aerodromes. In 1952 an improved 

stituting fog. In the 193<1“45 War, side of the runway and 150 yards form of JM.D.O., and one more 

when it was essential that military apart. Petrol was pimiperl through the economical of petrol, was tri<*d out at 

aircraft .should be able to take ofi and pipes at high pres.surc and came through Hlacklnishe airport, near ('amberlev, 

land even when aerodromes were the perforations as a spray. When the Surrey, by British European Airways, 

covered with thick fog, the British Air petrol sjiraying from the perforations The in.stallation took 10 minutes to 

Mmi.stry set u]) an organi.sation called was lit, the runway was lined by a clear a thick fog so that various types 

Fog, Intensive Disjicrsal Operation, sheet of flame two feet high Ihis of airliner Avere able to land safelv. 

BIG JOINTED ENGINES THAT CAN GO ROUND CURVES 

I N ordfjr to get greater power, locomo- large extent by the design of articulated The (iarratt type of locomotive is 
tives arc being constantly increased or lointcd locomotives, one of which is worked by one driver and fireman, and 

in size. In Great Britain the height shown in the photograph on this page. the locomotive carries its supply of coal 

has reached its limit, ami the chimneys Engines of this type are known as and water both in front and at the rcai 

have to be of the smallest dimensions Garratt locomotives, and, as can be o1 the boiler. 

or the IfK'omotives would not be able seen, there arc two independent chassis The wheel arrangement of the engine 

to pass under tlie arches and tlirough wliich are placed some distance apart shown in the jiicture mav be descrilicd 

the tunnels. and carry between them on a heavy thus: 4-8-2 -f 2-8>4. Some of these 

In increasing the length of a loco- ginler frame a boiler of far larger articulated engines weigli with their 

motive another jiroblem arises, and diameter than could be u.sed in a loco- chassis over 200 tons. One locomotive 

that is, that when the engine is of great motive of the ordinary construction. of 178 tons used on tlie Eastern Region 

length, the difficulty and danger of A few experimental locomotives of of llritish Railways betwotni Barns* 

going round curves on the track is also this type have been used in (ireat lev and Penistone is tlie heaviest am' 

increased. To take a, curve safely the Britain, but numbers of them have been most powerful locomotive of any kind 

locomotive must be short or flexible, built in England lor u.se in foreign at work in the British Isles, 

and the narrower the gauge the greater countries. Thev are very powerful and Articulated locon ot ves are used in 

is the difficulty. can haul nearly a hundred loaded France, America, South Africa and 

This problem ha.s Ivcen solved to a wagons over lieavv gradients. Russia, among other countries 





This IS the largest locomotive ever built in Great Britain. It was constructed at Gorton for the Russian government and measures 
X09 feet from end to end. Its weight is 260 tons and it is capable of pulling a train weighing 2,500 tons. This type of engine is known 
as an articulated or jointed engine, the two chassis with the boiler between them giving flexibility for rounding curves. 
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GETTING WATER BY COMPRESSED AIR 



On this Mgt we sec one of the methods of getting water up from a depth by means of compressed air. It is known as an air lift. The 
pipe or miun up which the water comes is sometimes placed inside a slightly larger air-pipe, but sometimes the air-pipc passes down 
inside the main or water-pipe. A third method is to have separate pipes, one for the water and one for the air, inside the bore. At 
the surface of the ground there is a compressor, and the compressed air is pumped down so that it can escape into the water mam. 
The whole of the column of water above where the compressed air enters is thereby lashed into foam or into plugs of air and water 
alternating one above the other. The result is that there is less water in this upper part of the main than there is in the lower part,, 
and the nuxture of air and water being lighter the pressure of water in the earth all round the bore causes the liquid to rise, driving 
UP the aerated water, A well of this type needs the bore hole to be deeper than for ordinary pumping, but the supply of water 
aStained is much greater. The air-lift has many advantages over ordinaiy pumping. It can, for instance, be worked from a convemant 
point at a considerable distance from the well ; and there are no moving parts down in Uie bore hole to get out of order 
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THE LCX:UST AND ITS INVADING ARMIES 



The locust right through history has been one of the greatest enemies of mankind. There are many references to its depredations 
in the Bible, and an invasion of locusts was one of the great plagues of Egypt. Locusts are found in both the Old World and the 
New. Here is a locust in the Argentine photographed while laying her eggs. She places her ovipositor in the ground and lays about 
forty eggs in a mass. Locusts are sometimes five inches in length, and they are very powerful insects for their size. They have 
strong hind legs and can leap over great distances. They also have tremendous powers of flight, and can travel far without alighting 
The young locusts when hatched resemble their parents except that in the early part of their life they have no wings 





A swarm of locusts will darken the sky for hours at a time as they pass, and the noise of their wings as they travel is remarkably 
loud, and has been likened by old writers to the rushing of a broad river. When they alight and eat their constantly moving jaws 
make a noise like *' chariots in battle.’’ On the left we see a flight of locusts photographed on a bright sunny morning near Jerusalem 
in Palestine, and on the right are some of the same locusts settling on cactus plants. These armies of locusts when they invade a 
country are almost incredible in size. One which passed over Morocco in 1932 was nine nules long and four miles wide. It must 
have contained hundreds of millions of insects, and a short time afterwards another locust army patted measuring ten square miles 
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Wdnders oF Animal &Plant Life 


THE BIGGEST ARMIES IN THE WORLD 

Of all the insect pests that war on mankind probably the locust docs most damage. It is found almost all over 
the world, and its numbers are incredible. It alights by the million on a wide stretch of country and an 
hour or two afterwards not a vestige of green is to be seen. The locusts have devoured it all. In these pages 
we learn something about the devastating power of these remarkable insects 


T he IcK'iist has 
always been 
the bugtjear 
of the countries in 
which it is found, 
and in which it 
does its fell work. 
No more dramatic 
description of 
what the visit of 
an army of IcK usts 
mcjans could Ix' 
found than that 
given by the* 
pro])het Jocil in 
the Old Testa 
ment : “ I he land 
IS as tilt* Garden 
of luien hiefore 
them, and behind 
them a desolate 
wildenic'ss ; yea, 
and nothing shall 
esca]>ethom. The 
ap])earance ul 
them is as the 
appearance of 
horses and as 
horsemc'n .so shall 
tht'yrun. Liketlie 
noise of chariots 
on the tops of 
mountains shall 
they leap, likc^ th<‘ 
noise of a flame 
of fire that tie- 
vourcth the stub- 
ble ; as a strong 
pc*oplc*sel in battle 
array. d'ht*y shall 
run likt* mighty 
men, they shall 
(Jimb the wall like 
men of war, and 
they .shall march 
every c^ne on hi.s 
ways, and they 
shall not break 
their ranks." 

No wonder the 
writer likens a 
vi.sit of locusts to 
a terrible judg- 
ment, " a day of 
darkness and of 
gloominess, a day 
of clouds and of 
thick darkness." 

The female 
locust lays its eggs 
in groups in holes 
drilled in the 



This photograph shows the head of a locust magnified, and as can be seen it has a remarkable 
likeness to a horse’s head. In fact, this type of locust, which does immense damage in the 
Argentine, is known as the horse>headed locust. Similar locusts are found in Africa, and it 
is an interesting fact that in the New Testament in the 9th Chapter of Revelation, the 
writer, in speaking of locusts, says '*The shapes of the locusts were like unto horses 
prepared unto battle.*’ He must have studied locusts of this type. An International Locust 
Research Committee now gathers information from all nations to assist in fighting the foe 


ground. The 
young locusts that 
hcitch f)ut begin 
destroying the 

0 g t* t a t i o n at 
once, and" they go 
on doing so right 
t li r o 11 g h their 
lives. 'They mtuilt 
.several tiine.s and 
then reach the 
winged stage 
when they fly m 
swarmssometimes 
for hundreds of 
miles But f*ven 
in the wingless 
state tlu‘y travel 
o\H‘r wide areas. 

i.r>cu.st swarms 
have Ix'eti seen af 
.sea i,.iOo miles 
from land. ‘I lie 
size of some of 
the swarms is 
a 111 a z 1 n g. Chie 
that flew across 
the Ked Sea m 
1889 is said to 
have coverefl an 
a r <* a of z, o o o 
scpiare miles. 

In on(^ 5'ear 
al(>n(‘ in the island 
of Cyprus ovtT 
200,000 million 

locusts WITO d<‘ 

strov<*d. at a lost 
of 2s. a million, 
togeth(*r with over 
1,3 tons of eggs. 

Great advances 
in fighting the 
locust have l>een 
made in recent 
years by .scientific 
methods of spray 
mg, and Ixdore 
the w'inged state 
is rear lied the’ 
kx:u.sts arecauglit 
by millions in 
trenches dug 
across their routi^s 
of march. Para 
site.s which prey 
upon them are als<3 
being used, and a 
niicroU; disease 
has also been suc- 
cessful in reducing 
their numl)ers. 
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Only those who have lived in a locust-ridden country can have any idea of the devastation wrought by a swarm of locusts when the 
insects alight. Everything green disappears in an incredibly short space of time, for the locust) has powerful and quickly moving jaws. 
In these photographs, which were taken in Israel, we see on the left a 5 g tree before the locusts arrived, and on the right the same 
tree picked clean of every vestige of leaf and fruit after their departure. Israel has always been a great sufiferer from locusts. 



For thousands of years man has waged relentless war against the locust, but the result has generally been * *a draw. * * Nowadajrs, however, 
with international co-operation and scientific knowle^, better results are being obtained. Here, for example, we see one of a number 
of vehicles built in England for use in Iraq, where the locust destroys great areas of pasture. They are filled with a poisonous liquid 
chemical known as sodium arsenite, and are then driven over the country where the wingless forms of locust are found, spraying the 
poison, which destroys the insects. Each tank holds 400 gallons of the spraying ftuid, and this is one of the most effective methods > 
of fighting the locusts. Helicopters are used in America lor spraying, and so killing, some kinds of Insect pest. i > 
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OLIVE SEAWEEDS OF THE BRITISH SEAS 



The aemeeds of the British coests may be divided according to colour into three datsee-^red, green and dive. We see some familiar 
red seaweeds on page 6x5, and here are a number of dive seaweeds. Their names are as foUow: i. M^otrichia Altformis; a. Fucus 
eedctttostts ; 3. jhii^taria ptantaginea ; 4. Himanthalia lorea ; 5. Bctoearnus granulosus ; 6. Halidrys siliquosa ; 7. Laminaria 
saddiatina ; S. Dictyosiphon foeniculaceus ; 9. Dictyota dichotoma ; xo* Laminaria phylUtis ; xx. Asperococcus Tumeii ; 
18 , Chorda Ilium « 13. Ax^rococeus echinatus ; X4. Striaria attenuate ; 15. Ectocarpus siUculosus ; x6. Chorda lomentaria ; 

sy. Chordaria llagelUformis ; xS. Bctocarpus littoraixs 
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Polar b«ars are good swimmers and can travel long distances in the water» but they sometimes go much farther than they could swim. 
This they do by travelling on floating masses of ice, and they sometimes reach Iceland in this way. Then there is a great hunt to 
destroy the Polar bear before it can do any damage. These bears that drift across to Iceland in the manner shown in this photograph 
come from the coast of Greenland. Explorers in the Arctic often see Polar bears on icebergs far out at sea. These animals live 
by diving off their ice-raft to catch fish or seals and can satisfy their thirst by licking the ice 


THE WAY IN WHICH A FISH MOVES THROUGH WATER 


I I IS alwav.s int<?resting to know hov 
creatures move. \Vc walcli the birds 
in the garden, for example, and see 
(hat some ho]) while others walk or run, 
and they all fiv. 

The niovemonis of the worm, too. are 
interesting. It has on its Ixidv a number 
of bristles or prickles which arc sometimes 
called feet,’^ and these are its organs of 
locomotion. By inearts of them the worm 
i.s able to pull itself along 

Then we have seen how' .some of the 
bivalve shellfish, like the s<.;aUoi> on page 
rM) 2 , ]>n>j»cl themselves by opening and 
closing the valves of tlanr shells 

When we conic to the lish we fintl that 
the tail is in many cases the great organ 
of locomotion. Since the establishment of 
the Aquarium at the I.ondon /oo and one 
or two other excellent aquariums, we are 
<tbl(‘ to watch the movements ot tliesc 
creatures tlirongh the gla.ss sides of the 
tanks in which they are kept. 

1'liere arc two movements of the tail 
going on at the same time, lx>th of whirb 
arc used in propelling the fish. Fhe tail 
i.H movotl from suie to side and this drives 
the fish forward in the same way as a 
paddle workc'd to and fro in the back of a 
boat But at each stroke the tail partly 
rotates about its long axis, so that it has 
somewhat the motion of a screw pro|>ellcr 
The fish is thus driven forward partly b> 
a rowing motion and partly by a screw 
motion. In some of the fishes with very 



Successive movements of the body of a ray 
as it swims through the sea 
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stout bodies tlie screwing mownient diM*? 
most ot the work of lix'omotitm. 

In many cases the fi.sh have also fins 
with wlncii they balance and steer. This 
is the use of the fins on the sides of th<‘ 
bod>' and on the back. 

'fhe movements which h.ive lieeii de- 
scribed apply to the torpedo-shapcxl fishes, 
like the herring, cod and .so on. In the flat 
lishes like the rays and skates and .soles, 
(lie w’ater is struck bv tin* surface of a great 
part of the IxMly. 'Mh' picture on this page 
stiows the variou.s motions of the ray when 
>.wimming Its tail is kept out straight 
Ixiliind and witli the immense fore-fins 
tliat border its body it strikes th(i water 
and drives itself ffu'ward. 'I'he sides of the 
body are presse<l down and then raiser) 
Irom the back to the front, in the manner 
shown, w'hich gives the progress. 

In (he case of the so-called flying fishes 
llipir movement out of the water is a very 
spc5ciahscl one. Of course it is not flying 
in the sense that a bird flies ; it is really a 
form ol gliding, helped by the v<»ry large 
brea.st fins which support the fish in 
the air. 

J he jellyfish propels itsc»lf by the ojx?n- 
iug and contraction of its umbrella-Iike 
body, and the octopuses and cuttlefishes 
move by shooting water from a kind of 
siphon as they contract their mantle. The 
movement is assisted by the webbed arms 
which as they open and close have the 
same effect as the jellyfii.sh'8 " umbrella.’* 



HELPING NATURE TO IMPROVE HER WORK 


N ature performs almost incivdiblo 
wonders in the world of plants 
Clear a space in the centre ol 
any lar^e town by demolishing: the 
houses and leave the vTicant brick* 
strewed area unattende^l, and m a 
month or two the whole plate will be 
a mass of f^reen vegetation, with 
patches of colour here and there pro- 
duced by various blossoms. 

Some years ago, when the ground in 
i^ondon on which Kingsway now stands 
was chared, more than a hundred 
dilTerent plants were found growing 
on the site twelve months later. 'I'he 
smis that produc(^d the plants had 
been blown there by the wind from 
market carts going to Coven t Garden, 
or dropped by birds flying overhead. 
The soil would hardly have seenie<l 
fertile enough for this, and yet in an 
even less favourable soil Nature pei- 
forms her wonders. 

When an examination was made soiu<' 
time ago of the walls of the* ('olosseum 
in Home, 420 different kinds of plants 
were found growing on tlicin,,the root‘d 
tinding their way into the crevices of the 
nia.sonry and absorbing sufheient nour- 
ishment to give them life and healtli 
Almost the v hole 
earth is covered witli 
vegetation of some 
kind. CJnly the dry 
s a n d y deserts of 
Africa and Asia, and 
the s n o w -c I a d 
mountain - tops aic 
bare of plants It is 
a good thing that 
this is so, for man 
and beast de|X‘nfl 
upfiii t h e p 1 a n t 
world tor their sus* 

Uniance. Even those 
animals which are 
carnivorous would 
get no food did not 
the licasts on which 
they prey liiul theii 
nourishment in 

plants 

Hut t h o u g 1) 

Nature is so prolific, 
many of the fcxxl 
plants on wtiich 
man is deixndent 
would have been 
worth very little it 
Nature had Ix'tm left 
to herself. It is In 
the help of man that 
she is persuaded and 
enabled to do bettcM 
and Ixitter, 

Her unaided 
efforts gave us ih(‘ 
sour crab-apple and 
the small, hard, 
harsli wiki pear. 

P'rom these man has 
persuaded the earth 
to yield the large 
and luscious apples 
and pears, sweet and 
juicy, which can now 
be bought in any 
iniit shop in a town 


far removed from where the trws 
grow. 'J'hes(‘ fruits have lx.*en im- 
proved out ot all n'cognilion in flav- 
our, size and roloiir. 



The wild cabbage, the ancestor of all the 
vegetables below 


Other wild fruits, the unassisted 
efforts of Nature, likt^ the wild straw- 
ben y, are dainty in flavour, but tluiy 
are very small and few fruits are pro 
dueed on each individual ])lant. Man 
has helped Nature so that W(‘ now get 
the large and delicious stravvljcrrics 
which are gathered by th<* million 
every surnmiT. 

Th<j improvements whicli man 
achieves in the plant world lie in 
several directions. lit' inertsases th<’ 
yield so that one plant will give iai 
more seeds or fruits Then he increase.s 
the size and tpiality of the individual 
fruits. He also multiplies the varieties 
of the fruits and increases their 
desiralilt* qu.dities, such as sweetness, 
juiciness, flavour, and so on. Finally, 
he enables plants that would once grow 
only 111 one kind of climate or soil ami 
ripen only at one pc*riod of the year, 
to grow anywhere and almost at any 
time. 

In doing this man works in two ways 
One is by selecting wduit Natun* 
herself produces, and tlie other way is 
by combining different plants so as to 
produce the best qualities of all. 

From v<Tv c*arly times man has 
known th(* value of 
watching the plants 
and selecting the* 
s<‘ed from the best 
so that his nexteroj) 
should be better 
that! his last. The 
great Homan pot.*t 
Virgil says : 

Uve so<*n tire largest 
see<ls, tho’ viewed with 
cai e, 

D p K e II e 1 ale, unless 
th’iiidustrious liand 
Did f‘ a r 1 y c u I J I h 0 
I. exes t, 

and another writer, 
Celsus, a hundred 
years later, declared 
that *■ Where tlie 
coni and crop arc 
but small, we must 
pick out the best 
t ars of corn, and ot 
them lay up our seed 
separately by it- 

Wc read in an- 
other part of this 
bcK)k liow man has 
produced tlie won- 
rlerful wheat crops 
that arc grown to- 
day from a wild 
grass that yielded 
viM'v little in tlie 
way of nourish- 
ment, and he has 
done the same thing 
in tlie case of thou 
sands f other 
plants. Fruits and 
flowers arc far more 
varietl and mag- 
nificent to-day than 
they were even fifty 
years ago, and the 
assistance man luis 



Broccoli, brussels-sprouts and curly kale, all of which have the wild cabbage for their 
ancestor. The photographs on this page are given by courtesy of Messrs, James Carter 
and Co., of Haynes Park, London 
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WONDERS OF ANIMAL AND PLANT LIFE 


given to Nature in plant-breeding, 
as it is called, has so cnonnously 
increased the yield that what a few 
years ago were luxuries for the rich 
are now within reach of all. 

Half a century ago only the well-to- 
do could afford to buy such things as 
tomatoes and bananas. We all have 
them regularly now. Oranges, within 
reach of all, are to-day nearly twice 
an large and twice as sweet as those 
that were available for the mass of 
people in the days of our grandparents. 

The same thing is true of flowers. 
At the beginning of the nineteenth 
century there were only 46 different 
kinds of roses. Now there are many 
thousands, and fresh kinds are con- 
stant ly being prod need . 

Luther Burbank, the Plant Wizard 
of America, of whoso wondtjrful achi(?ve- 
ments we read in other parts of this 
b<x)k, once said : Search this Earth 
all over, climb every mountain, plunge 
into every canyon, valley and jungle ; 
and when all this is done visit every 
park, gard<m, nursery and conservatory; 
go anywhere, everywhere, and as many 
varieties of charming lilies cannot be 
found as I have produced. All the 
Earth is not adorned with 
tfo many new ones as are 
growing at my establish- 
ment." 

It was true. Burbank 
grew at his plantations in 
California (wer a million 
lily bulbs, and produced no 
fewer than 250,000 distinct 
lily hybrids all yielding 
flowers different in form or 
colour. 

A Slow Process 

Up to the middle of the 
eighteenth century the only 
way of improving plants or 
making new varieties was 
by selection. One or two 
were chosen which chancetl 
to be exceptional, and new 
plants were grown from 
these in the ordinary way. 

But this natural process is 
a very slow one, although 
wonders can lx* jier formed 
by selection alone. 

Burbank one day noticed 
a wild yellow poppy mrow- 
ingon a Californian hillside 
wliich had a thin crims<.)n 
line on one of its |X'tals. 

He transferred the plant to 
a nursery bed in his grounds, 
and at the end of the sea.si>n 
saved its seeds. He sowed 
them in a special bed, and 
when the plants grew and 
flowered he found that some 
of the blossoms had a 
slightly wider crimson band. Again he 
selected, destroying those he oid not 
want, and at last he produced a race 
of entirely crimson poppies. 

Another plant-breeder, the Dutch 
botanist de Vries, one day found a 
clover plant with several leaves divided 
into four instead of three. He took 


seed from this plant and grew others, 
and found that there were several 
clover plants whose leaves were divided 
into four, five, six and even seven. 
By continually selecting he at last 
produced a clover almost the whole of 
whose leaves were divided into four, 



The wild strawberry plant of the woods 
and thickets with its small fruits 



The splendid strawberries that are now produced from 
plants developed by man from the wild plant shown 


five, six and seven, instead of into 
three like the ordinary clover plant. 

Nowadays men of science do not 
wait for Nature to show some improve- 
ment. As already explained, they com- 
bine the desirable qualities of different 
{>lant8 in one plant, and this is what 
IS known as crossing or hybridising. 


They take the pollen from the stamen 
or male part of one plant and transfer 
it to the pistil or female part of another 
plant. The female plant is thus fer- 
tilised and produces seed, which when 
planted gives a hybrid plant combining 
the qualities of both. And so the work 
goes on. and it is almost true to say 
that man can to-day produce any kind 
of a flower or fruit that he wants. 

A camel-hair brush is often used for 
transferring the jxillen from one plant to 
another. The seeds from the new 
plant are put into tlie soil and the 
seedlings produced by tliem are care- 
fully examined. Those which do not 
show the desired characteristics are 
destroyed, while from those which do, 
further selection is made. Thus by 
repeated selection and cross pollination 
whatever type of fruit or flower is 
desired can be produced. 

The work of the Austrian abbot 
Mendel, of which we read on p^es 
5o<) to 51 1, has enormously simplified 
the work of plant-breeders by letting 
them know .surely what the offspring of 
two different types of plant will be like. 

Of no plant is it easier to grow new 
varieties, chiefly by selection, than tlai 
lx:an which is known by 
such names as haricot, 
butter Ixjan, and s^) on. 
The production of new 
kinds of l)eans suited to 
special purpos<*s has been 
br<»ught to such scientific 
perfection that seedsmen 
now even advertise a new 
kind of bean l>eforc the 
variety has been actually 
produced. They order 
what they want from tlu'ii 
plant-breeder, and in- 
variably get it within two 
or three years, ready for 
their customers. 

Changing the Maize 

Indian corn, or maize, is 
a very useful plant which 
gn?w originally in tropical 
and sub-tropical lands, and 
needed along growing sea- 
son . N( )w t here are varieties 
ranging from those which 
grow eighteen feet high and 
require six months to 
mature, to those which are 
only two or three feet high 
and whose growing period 
is 90 days or less. 

Another remarkable re- 
sult of plant breeding is 
found in the great variety 
of excellent vegetables that 
have been developed from 
the small and unattractive 
wild cabbage of the sea 
Cliffs. From it by careful 
selection have been obtained not only 
the large garden cabbage but the cauu- 
flower,the broccoli, bruseels-sprouts, the 
curly kale and the kohl-rabi, with its tur- 
nip-shaped stem, used as food for cattle. 

No one can say what amazing results 
may yet be acnieved by the plant- 
brewers. 


cultivated 

above 


Wonders of the Sky 


A PLANET FOUND BY MATHEMATICS 

planet Neptune was known before it was ever seen through the telescope. Its position was 
worked out by mamemati^, as we read here, and this was a great triumph for science. Its discoverer was really a 
young English student of Cambridge University, although the first man to see the planet was a German astronomer. 
A French scientist working independently, Iiad also calculated the unknown planet *s [losition in the heavens 


W HEKin 1781 Sir William Herschell, 
sweeping the heavens with his 
seven-inch reflector telescope 
to see what interesting objects he could 
find there, saw Uranus and recognised it 
as a planet, he had made the first dis- 
covery of a new world in historic times. 
All the other planets from Venus to 
Saturn had been known to the Ancients, 
hut here was a new world to add to the 
list of planets in the Solar System. 

The orbit was soon worked out and 
studied, but by 1820 it was discovered 
that the new planet did not seem to be 
following exactly the path 

that was computed for it. 

Why was this ? It is true the 
deviation was very small, 
but astronomers and men 
of science generally make 
great discoveries by taking 
notice of small things. 

In 1830 a German astro- 
nomer, Frederick Bessel, 
suggested that the discre- 
pancy l‘>etween tht* calcu- 
lated and actual orbits of 
Uranus must he due to the 
attraction of an unknown 
planet farther away than 
iJranus itself. This idea set 
other scientists working and 
in 1843 a young student of 
St. John's College, Cam- 
bridge, named John Couch 
A<lams calculated how far 
away the unknown planet 
must be and what its orbit 
was like. He checked his 
figures, and in 1845 sent 
them to Sir George 
Airy, the Astro- 
nomer Royal, who, 
however, showed 
no very lively in- 
terest and allowed 
the proposed 
search for the 
planet with a 
tele.Hcope to be 
postponed. 

Meanwhile, a 
young French as- 
tronomer, Urbain 
Leverrier, made 
similar calcula- 
tions quite independent of Adams, 
and a few days after Adams had 
sent his suggestions to Sir George 
Airy, l>verrmr communicated his find- 
ings to the French Academy and a 
litw later sent his results to a German 
astronomer, John Galle. 

He suggested that Galle should turn 


his tele.scope towards a certiiin part of 
the heavens and there search for the 
missing planet. This Galle did and on 
September 23rd, 1846, the first even- 
ing that he lcx>kcd, saw the distant 
world, which was named Neptune. 

Adams and Leverrier must share the 
honour of the discovery of Neptune, 
though it is beyoml doubt that Adams 
had worked out his calculations some 
time before the Frenchman. It is 
curious that though their calculations 
enabled the planet to be found in the 
sky, many of their figures, as, for in- 



The Earth and the planet |l( 


will 


ime drawn to the same scale. It 
seen that Keptun« a large world, but no distinct 
markings can be^d^ected on its surface 


than 2,8 (k^ million miles The orbit is 
almost a circle and Neptune travels 
round it at a speed of just over three 
miles a second, or 268,000 miles a day, 
so that its year is equal Xo about 
165 of our years. 

SJeptune is quite invi.sible to the 
naked eye, but it can be seen as a |K)int 
of light by means of good opera or 
field glas.scs. Through a telescope it 
appears as a small .star l:>etweeu the 
eignth and ninth magnitudes with a 
greenish dist:. 

Its volume is 85 times that of thi‘ 
Earth and its mass or weight 
T7 times. This means that 
the density of its matter is 
rather more than a fifth of 
that of the Ivarth. 

As there arc no markings 
of any kind visible on Nep- 
tune's disc, it might .seem 
that nothing could be 
known about its rotation, 
for it is by watching the 
markings pn such planets as 
Mars, jupittn’ and Saturn 
that we can calculate the 
time they take to turn round 
on their axes. 

Hut astronomers do some 
very ch^ver tilings, and by 
studying the amount of 
bulge at Neptune’s equator 
tliey have worked out the 
speed of rotation aeeessai \’ 
to give this bulge. They 
have alst) calculated the 
speed of rotation by means 


of the 



In this picture-diagram we see the distance of the Earth from the Sun and the distance 


of Neptune drawn to the same scale, but, of course, no attempt is made here to represent 
the Sun and the planets in their relative sizes. This is done for the Earth and Neptune 
in the upper picture. Neptune has a moon, Triton, circling round him at a distance of 

221,500 miles 


stance, the size of the orbit, and so on, 
were afterwards found to l>e incorrect. 

What sort of a world is Neptune that 
was found in so curious a manner by 
men of different nationalities. Well, it 
is a great sphere with a diameter of 
32,900 miles, that revolves round the 
Sun at a mean distance of rather more 
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spcclro.scopi. and 
from these figures 
they believe that 
the plaui't turns 
round on its axis 
in about 15 hours 
8 minutes. 

Neptune is so 
far from the Sun 
that it receives 
only onc-<>ooth of 
the heat and ligld 
that comes to our 
Earth from the 
same source. At 
the same time the 
sunlight received 
by Neptune is much stronger than the 
starlight it receives, being equal to a 
light of nearly 700 full Moons. As seen 
from Neptune the Sun would look as 
bright as a 1,200 candle-power electric 
arc light at a distance of 12 or 13 feet. 

Neptune has one satellite or moon, 
discovered by William Lasscll. 



VAST CLOUDS OF GLOWING GAS AND DUST 



Here is a photograph of the Great Nebula in Orion taken with the -loo-inch telescope at Mount Wilson Observatory in California 
The central portion has been reduced in intensity in order to bring out the detail of other parts. It is interesting to compare this 
photograph of the nebula with that on page 198, where there has been no reduction of the central light. The huge quantity of dust 
mixed with the luminous gas and in some parts lighted up by it, but in others left dark, is known as cosmic dust 








* A 



Here is another nebula, in the constellation Sagittarius, taken with the xoo»inch telescope at Mount Wilson Observatory. The dark 
patches are particularly noticeable, and they are supposed by astronomers to lie between us and the glowing gas of the nebula, and 
to consist of vast quantities of cosmic dust, which shuts off or absorbs the light that comes to us from the nebula. These clouda 
of gas are millions of millions of miles in extent and yet they have very much the appearance of the small clouds on the Earth 
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HOW MAN SOARS IN THE Affi LIKE A BIRD 


G LrniNG has been rightly called the 
yachting of the air ; for like the 
yachtsman the glider pihit must 
know how to use tli<‘ wind to take him 
from place to place. But gliding is some* 
thing more than a s|:H)rt ; e\|.x*riments 
with gliders have led to many improve- 
ments in the design of aeroplanes, while 
the flying of gliders is good training 
for the piloting of engined aircraft. 

(lliders are the only flying machinc.s 
that are able to soar like birds, and in- 
ventors had been trying to build them 
long before the first powered aircraft 
flew. One of the greatest experimenters 
with gliders was Otto Lili(*nthal, a 
(Jerman, who spent several years in the 
scientific study and measurement of 
bird flight. His discovery that there 
were upward currents of air which 
helped birds to fly laid the founda- 
tion of the art of gliding by human 
Innings. 

Liliciithal made countless gliding 
flights ami was able to glide for dis- 
tances of nearly a quarter c^f a mile at 
heights up to loo feet. After Lilienlhars 
death in a gliding accident in iSo 6 . 
other experimenters carried on his work 
and eventually developed the reliable 
gliders used to-day. 

In its construction and method of 
control, the glider is simply an aero- 
plane without an engine, but its piloting 


IS a matter ol great skill. There are 
three types of gliders : piimary, second- 
ary, and sailplane. A primary glider is 
an open-framework machine used for 
training ; a secondary glider has linei 
linos and gives the pilot more power 
of tnanaMivre; wiiile the sailpl iiK* is for 
the expert pilot and can lie flown for 
long distance.s at great heights. 

There are several ways of launching 
a glider into the air. It can be released 
from the ground by catapult ; towed 
off the ground by human jM)wer like a 
kite ; towed off the ground by a car 
travelling at high speed ; towed into 
the air by an aeroplane ; or sent off by 
the discharge of rockets attachi'd to the 
rear of the fuselage. 

When the glider becomes airborne, 
the pilot keeps his ma('hine in flight by 
taking advantage of every availalile 
source of upward movement of the air, 
which, by pressing against the under 
surfaces of the glidei^s wings, forces the 
machine up. \Vhen «*nough height has 
b(!on reached, long distances can be 
flown by slightly forcing down the nose 
so that the aircraft .starts to glide. 
Th(j momentuni of the glide wnll then 
carry tlie glider up <igain when 
the pilot pulls the joystick and .so raises 
the elevators on the tail. 

Upward currents of air are essential 
if the glider is to r<»U'h a good height. 


These upward currents are cairsod b>^ 
the deflection of the wind blowing 
against and over hill.s. trees and other 
large objects. 

Another initiortanl source of ** lift 
lor gliders is providt;d by the sun, 
particularly in summer. By heating 
the surface of the ground, the air alxive 
it is warmed and caused to expand. The 
expiifuling air wall then force upwards 
any glider passing over it. As air is 
always rising towards clouds, long 
glider flights can lie made by flying 
under clouds, or “ hopping " from cloud 
to cloud. 

Long-distance glider flights are al.so 
made In flying with the wind, ju.st as a 
.sailing boat makes its be.st speed with 
the wjnd bifliind it Kxperienced glider 
[)iIots are even able to fly against the 
wind by adapting to their art lh<^ 
priTU'iple ol tacking used by yachtsmen. 
In this way glider flights of 150 miles 
are (piite common. 

During th(* 19.30-45 War. gliders 
were used to land troops and supplies 
ill enemy held territory. The gliders 
were towed singly or in strings of three 
behind an aeroplane wflnch released 
them over the area to be attai ked. The 
gliders were then landed on the object- 
ive by their owm pilots. MiliUiry gliders 
were able to carry load.s weighing up to 
three tons. 



In this photograph a glider has just become airborne after being pulled off thei ground by men hauling on a rope. The action is much 
the same as that used in launching a kite. When the glider is airborne, the pilot releases the rope by means of a lever in the cockpit. 

In the photograph the rope can be seen falling away. 
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A GROUP OF SIMPLE OPTICAL EXPERIMENTS 



The tiger that enters the cage when looked 
at as shown here 


H ere arc soine interesting experiments 
that help us to understand things 
about light and seeing. Draw on a 
post card a cage and atxiut half an inch 
away a tiger. Then, holding the card in 
one hand, take another post card in the 
other hand and hold this at right angles 
between the cage and the tiger. Bring 
the face close to the card, so that the left 
eye setss the cage only and the other eye 
the tiger only. After looking for a few 
seconds the tiger will sccni to move for- 
ward and enter the cage. This is due to 
the separate impressions received by the 
two eyes being combined by the seeing 
part of the brain 



A simple experiment to prove that li^ht 
rays are bent when they are passing 
from air to water 


Another interesting ex|Hjrimenl with a 
cage can be performed in this way. Take 
a small cara about two inches deep and 
three inches wide, and on one side draw 
a bird-cage, and on the other side, but 
tiic reverse way, that is, upside down, a 
bird. Now fasten a piece of thin twine 
to each side of the card and begin twisting 
the threads backwards and forwards, so 
that the card rotates to and fro rapidly. 
The bird will appear inside the cage. 
This is owing to ttie persistence of vision, 
the images of the cage and the bird re- 
maining on the re^na so that one com- 
bines with the other. 


Here is anoihei experiment which 
shows clearly that light is bent when it 
passes from one medium into another, as 
from air into water or from water into 
air. Take a card and cut two slits in it. 
Let the Sun's rays paf5.s through these 
slits and shine U|K>n a dark tablecloth. 
We shall see two bars of light. Now, 
keeping the card in position, hold a glass 
of water under one of the silts. At once 
the position of the bar of light on the 
cloth will change, because the ray of light 
has been bent by the water 



An amusing Pepper's ghost toy 


We can obtain a good optical illusion 
of the Pepper’s gliost type in the following 
way. Take a wooden box and make a 
round opening in one side. I'lace a glass 
of water in what, in the picture, is the 
farthest comer, and fix diagonally across 
the box a sheet of plain glass. On the 
near side of this stand a small piece of 
candle. Light it, and if the top of the box 
is open cover it with a piece of wood. 
Now look through the opening, and the 
candle will seem to be burning inside the 




How to make the bird on one side enter 
the cage on the other 


tumbler of water. The tumbler is seen 
through the glass at the same place that 
the candle is reflected upon the glass. 
Before showing the experiment to anyone 
else we must be sure to get the candle and 
glass in the right positions. 

In the bottom picture on this page we 
have an optical illusion. Let us see 
which of the three figures we think is the 
tallest, and then measure. We may be 
surprised to find that all three are the same 
height. The lines drawn in perspective 
jjive us a wrong impression. The third 
figure ap)>ears far away from the first, 
and we naturally think it must be vert*^ 
much bigger. 


Shadows of Napoleon and Louis XVI cast 
by carved wooden blocks that disguise 
their object 


Some interesting experiments can ht 
made with a penknife and some pieces 
of wood by carving the wood in such a 
way as to throw shadows upon the wall 
representing faces. The last picture gives 
some examples of these. In trbnbled 
political times in France people often 
carried a piece of carved wood whii^ 
would throw a $hadow of their fa^urite 
sovereign upon the wall when held near 
a light. 

Sometimes the treasonable toy was 
small enough to go in the pocket, while at 
other times the carving was on the handle 
of a watkmg«stick carried in the hand. 








HOW THE INVISIBLE X-RAYS ARE PRODUCED 



This picture shows in simplified form the Crookes tube, invented in 1879 by Sir William Crookes, the famous English scientist. It is by means of 
this apparatitt that the X-rays, which penetrate all sorts of opaque subsUnces, are produced. The air has to be ekhausted from the tube so that 
there is less than a millionth of the usual atmosphere inside. The tube contains a concave aluminium disc known as a cathode, and there are two 
other discs connected by a wire known as anodes. The cathode is really a negative electrode, and the anode is the positive electrode, and when 
a current of high voltage is passed through the tube, a strange thing happens. The minute amount of air in the tube glows brightly, and a straam 
electrons is shot out from the surface of the cathode or negative pole of the tube, and these are focused so as to fall upon a piece of resistant 
material such as tungsten known as an anti-cathode, which is really one of the anodes of the tube. The impact has a striking effect 
Rays of energy are shot out which will pass through various opaque materials. They are very powerful, although they are not visible to the eye. 
As* their nature was not known when thi^ were first discovered they were called X-rays, X being the symbol of the unlmown, and sometimes they 
are spokao of as Rdntgen rays, after tiieir discoverer, Professor Rdntgen. For various purposes X-rays of different penetrating power are needed. 
These ate obtained in this way. A roll of mica contained in a glass chamber is connected with wires, and when these are joined up to the cathode 
and anode tiie wire, is heated and the mica gives ofi gas which enters the X-ray tube reducing the vacuum, and giving X-rays of lass penetration 



A TOWERING PRECIPICE OF MOVING ICE 



In other parts of this book some fine photographs of glaciers have been given, but none is more striking than this, which shows the 
enormous size of a glacier in the Jasper Nation^ Park, Canada. This glacier runs into a lake, where it melts, making the water of 
the lake icy cold so that it is greatly appreciated as a bathing place in summer, when the temperature rises sometimes to 90 degrees 
in the shade. As can be seen* the end of the glacier where it reaches the lake is a towering precipice of rock, that rock being ice 
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RADIO PROGRAMMES BOUNCE TO YOUR RECEIVER 


W iTH a gt)od receiv er a radio station 
broadcasting sound programmes 
can be picked up at practicaJly 
any distance from the transmitter, 
hut television programmes can be seen 
only at a crmiparatively short distance 
from the transmitter. Why is this > 
Television’s sliort range, sekUmi 
more than 70 miles, is due to the simpde 
fact that the earth is the wrong shapx^ 
for long-range television. If the earth 
were fiat, there is no technical reason 
why a television programme from 
any particular transmitter could not 
Iw seen on the nation-wide scale now 
accepter.! as a commonplace in sound 
bniadcasting, 

Sound is broadcast on what are 
called long, medium or short wav'es, 
and these spread out from Iho trans- 
mitter in all di- 
rections lK>th up- 
wards from, and 
at right angles to. 
the transmitting 
aerial. The wav es 
broadcast at right 
anodes to the trans- 
mitting aerial art' 
picked up directly 
by receiving sets 
at distances which 
are onlv slightly 
bent out of a 
straight line from 
the transmitter by 
the ciirv'ature of 
the earth ; thi*- 
distance is about 
35 miles. O f 
course, the higln’i 
the transmitting 
aerial, the greater 
IS the distance a I 
which llu* direct 
waves will be best 
received. 

All types (d 
radio waves follow 
a direct line, ciinl 
in theory should 
pass in a direi t 
line from tlic 
transmitter, across the surface of the 
earth until it <'ur\es away from the 
transmittei, and then out into spate. 
And this is what the waves earrving 
a sound broadcast would df> weie it 
not for a region of the atmospheio 

called the ionosphere or Heaviside 
layer. 

As e.Kplairied in page 8ot, the iono- 
sphere is a region of air beginning at 

a height of about 60 miles above the 

surface of the earth. Under the in- 
fluence of the ultra violet rays from 
the sun, the ga.ses in the Heaviside 
layer arc ionized ; that is, the mole- 
cules of the gases are broken into atoms 
which have po.sitive and negative 
charges, instead of being electrically 
neutral. As a result, the atoms of 
gas have free electrons, and the effect 


of these is to provide a barrier against 
the radio w^av^cs carrying a sound 
broadcast. 

Not only d(xjs the Heaviside layer 
stop the radio waves carrying sound 
broadcasts, but it acts as a .souiulihg 
board and echoes or reflects the waves 
back to the earth. It is much the same 
thing as a rubber l>all lx‘ing bounced 
off a wall. 

'I'he lower region of the Heaviside 
layer, called by scientists the IC layer, is 
compiarativ'ely lightly ionized, but in its 
upper reaches (about 200 niilirs alxive 
the earth), sometinu^s called the Apple- 
ton layer or F layer, the gases are verv' 
heavdy ionized, and contain many more 
free electrons. 

Con,se(|uentIy the Hcavisule lay<’r’^ 
power of reflecting radio waves liat k to 


earth becomes greater with increasing 
height, and cause's radio waves to be 
spread over a large area of the earth. 

Moreover, the waves carrvmg a sound 
transmission will lx? reflected or 
" houiiLvd ” back and forth several 
limes between the earth and the 
Heaviside layer ; ju.st as n rubboi 
ball will bounce a considerable tlistance 
along the ground. 

Although V’ou mav' not realize the 
fact wlicn listening, tlic wave bring- 
ing your programme is not reaching 
von direct from the tran.smitting 
station. It has been reflected to and 
fro between the earth and the Heavi- 
side layer several times before it was 
piicked up on your receiver; jiarticu- 
larly if you live beyond the horizon 
of the transmitting .station. 


Not all the wav^es c«irrying .sound 
lm>adeasts are rcflecte<i back ; a certain 
piroportion pass tlirough the Heaviside 
layer or are absorbed by it. d he piro- 
jMirtion Unis lost to the earth dcyxmds 
upon the heiglit and dcn.sity of the layer, 
which are in turn governed bv the 
season ol the year, tlie cunulitions 
on the sun, and whether the broadcast 
IS taking jilace in daylight or at night. 

At night the Heaviside layer is 
always more heavily lonizi'd and reflects 
more strongly, riiat is vvliy short-wave 
broadca.sis arc rec(Mvx*tl more clearly 
(luring the hours of darkiu'ss. In 
summer, the upper reaches, or I"' layer, 
may split into what are known as Fi 
and Vj la v'(ts and the average ionization 
ol the layer becomes weaker and 
reflei ts less strongly, 

When there is a 
lot ol sun.spot (u.- 
fivitv there is less 
reflection of the 
radio waves, and 
the rere])tion ol 
sound broadca.sts 
l)V lecinvcrs a long 
way from the 
transmitter is 
poor. 

hv iJicreasiiig 
the power of the 
transmitter, the 
loiniiU'iiig of the 
radio waves be 
I ween the earth 
and the Hcavisule 
la^'er ran l>e groat • 
Iv increased and 
the lecejition dis 
tance between 
Iransinitter and 
s e\ 

tended. Increas 
mg Iransnntting 
fnwver is .simplv 
a matter of push 
mg the wave.s, and 
the greater the 
}>ower or push 
behind sound 
carrying radio 
waves the harder lliey bounce and 
therefore the farther they will travel. 

Tt'levision tran.snnssion must t)c on 
ultra-short or ultra high-fre(iucncy 
waves. And untortnnately nearly all 

of the ultra-short waves carrying a 

television broadcast are either so weak 
relative to the electrons tn the H(.*avi- 
side layer that they are absorbed by it 
or just pass tlir(.*ugh. It is just the same 
thing as a very small fi.sh passing 
through a large-mcsh net. 

Very occasionally, when height and 
density of the Heaviside layer are 
favourable, a small ])roportion of the 
ultra-short waves arc reflected back, 
but with their strength greatly weak- 
ened. 'Phis ex})lains why television 
broadcasts are on rare occasions seen 
i<K> miles from the transmitter. 






AIRCRAFT WITHOUT WINGS THAT DOES 


c=C> 



Vnhke the aeroplane with win^s, the helicopter 
does not have a rudder but ts turned to left or 
nght by ehangmfi the angle of the rotor batdes. 
The rotor blades are mounted on a swivelled 
hub so that they can be swung sidcioays, back- 
wards or forwards. When the pitot wants to 
turn to the right, he moves a control lever to 
the right. This causes the rotors to take up the 
position shown in the top left-hand sketch. 
To turn to the left the control lever is pushed 
in the opposite direction, moving the rotor 
arm accordingly, as in the lotver left-hand 
sketch. 
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NOT NEED AN AERODROME TO LAND ON 
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Aeroplanes wUh u'tng^ cittnb hitiher or iose het(;;hi by turning up or dotvn elemion on the tail* 
[iecause of Us lunged rotors, the helieopier is able to move up or down in the air without elevators* 
When the pilot wants to gain height he pulls the cotUrol lever towards him, so causing the rotor 
blades to hit backwards oti their hulfs : this gives the blades gretUer surface to “ bite ’* into the 
a%r and so screw their way upwards, as in the bottom sketch. To descend, the pilot pushes 
the control lever from him, so making the rotor blades tilt fon&ard and thus offer less surface 
to the air, as in the top sketch : this causes the helicopter to glide touuirds the ground. 


fteropUnes much of the saving of time and fast travel in the air is lost on the long journeys by road to and from airports, which, because of their size, 
roust be situated some distance from towns. On account of its ability safely to fly slowly, to hover, or to fly at low speeds near the ground, the 
helicopter has many uses besides carrying passengers. Helicopters have been used for laying electricity cables across rough country, as you can see 
in the photograph on page 1420 ; for dusting crops with fertilisers ; and for blowing rain off fruit trees by flying low over orchards and ** brushing 
ofl the raindrops by the downward rush of the air from the rotors. Marooned keepers frequently have oeen rescued from lighthouses by helicopter. 
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HOW A RIVER WEARS AWAY THE LAND 








This photograph showing part of the Delaware River in America illustrates how a river wears away the land and sculptures its own 
bed. One can sec how the water has carved away the bank, leaving islands in the middle of the course which themselves are gradually 
being worn away. This is what is going on all over the world, where the rivers are flowing away into other rivers or into the see 


HOW THE EARTH’S AXIS CHANGES ITS POSITION 


M ost people think that the |Kwition 
of the Kiirth’s axis with regard 
to its surface remains uii 
changed, but this is not the case, and 
even so far back as 2,000 years ago 
such variations were believed to lake* 
place. 

A change of axis means < hangt’.s ot 
latitude also. In the past these cluinges 
have benm much more marked tlian at 
the prf'sent time. Professor G. H. 
Darwin, who made a careful study of 
the subject, says that the varying dis- 
tributions of land and sesa which the 
geological nxiords indicate make it 
(juite probable that the axis has 
( hanger! its position about three degrees, 
and when the Earth was siithciently 
plastic to be deformed by earthquakes 
it is quite jx)ssiblc that the changes 
may have amounted to as much as 
fifteen degree^s. 

The past, however, is a matter of 
theory. We can l>e more sure of pr<?s<'nt 
changes, and very cai-etiil mathe- 
matical calculations demonstrate that 
changes in the position of the Earth's 
axis do actually occur. 

Dr. Kiistner of Berlin, who started 
a series of observations in 1884, found 
that the latitude of B<?rlin was slightly 
greater from August to November, 
1884, than from Marcli to May in 1884 
and 1 885. The change was very minute, 



The path traced ouf by the movements of 
the Earth’s axis over a period of flve years. 
In the lower diagram the movements are, 
of course, much exaggerated lor the sake 
of clearness 


not enough to affect ordinary matters, 
Init there was great intenist among 
scientists at the news, and the state- 
ments of Dr. Kiistner were carefully 
tested Further observations showed 
conclusively that the movement of the 
luirth's axis of rotation does actually 
take place. 

d'lu* t'hanges appear to be very 
irregular, both in the amount of change 
and in the period over which tliey 
occur. But a cycle would .scjem to be 
< ()ni})leted about every sc^ven years. 

The diagrams on this page give some 
indication of these changtis in the 
Earth’s axis. In the bottom picture the 
line .showing the changes is enormously 
exaggerated so that we may see them. 
It is only a matter of feet. The upper 
diagram shows actually the movements 
of the North F’olo, and the greatest 
chatige in its position does not amount 
to more than sixty feet. 

For a small part of this line of change 
the line had to be drawn from inference, 
as there were insiifBcient observations 
to be absolutely sure of it. But this 
applies only to a small part of the move- 
ments in the year 1891, and a still 
smaller part in 1893. 

When we remember the sixo of the 
Earth these movements of the akis arc 
very small indeed, but they ax^ of 
great interest to geographers. 
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romance oF British History 



THE END OF THE GREAT MUTINY 


When ) as the result of amazing heroism the Great Mutiny was suppressed and British rule re-established 
in India, the government of that vast Dependency was pul on a sounder and more stable basis than 
it had ever been before. The Sovereign of England was proclaimed Empress of India, and the 
Governor-General became her Viceroy. Here is the thrilling story of how the Mutiny was crushed 


T hi. recovery of India from the gni> 
of the mutineers, when the British 
Kmpire in the^ JCast was at stake, 
is a great epic of heroic ileeds aitfl super* 
human effort. 

The suppression of the Mutiny was 
(iue in the first place to leaders Uk<* 
Sir Henry I^wrence, Sir Henry Have- 
lock, Sir Colin Campbell. Sir James 
Outram, Sir John (afterwards Lord) 
Lawrence and (icneral John Nichol 
son : and in the second place to the 
amazing bravery and ('iidnrancc of the 
small body of British trcKips in India. 

Jt was fortunate that a man like 
Sir Henry Lawrence was in charge at 
Lucknow instead of a man of the typ<* 
of General Hewitt of Meerut or General 
Wheeler of ( awnpore. Lucknow stood 
firm HgaiiiHl tl.e mulmeers, an<l that 
fact played a large part in preventing 
the revolt from spreading more than 
it did, and in the iilti^ 
mate re-establishmont 
of the British power in 
Northern India. 

The Mutiny at Luck- 
now began at nine 
o'clock on the night of 
May 30th, 1H57. l.a\v* 
rence had had warning, 
iind when th (3 Kesi- 
d<Micy guard, made up 
of disloyal sepoys, came 
on jjarade, I-awicnce 
with his stiifi was wait 
ing on horseback to re 
ceivx* them. The Eng- 
lish captain asked T.aw- 
i*ence if the men .should 
load their muskets as 
ustial and Lawrence 
replied, Yes, let them 
load." 

Calmness Wins 

The men drove hornt* 
their ramixxls, and then 
there was no (question 
that they had the Resi- 
dency staff absolutely 
at their mercy. But 
those brave British 
officers showed not a 
sign of fear, and their 
stem calmne.ss cowed 
tlie mutineers, who at the word of 
command swung round and marched 
away. 

Dr. Fitchett, the historian of the 
Mutiny, explains how Lucknow es- 
caped while Cawnpore peri.shed. 
*' wheeler and I-awrence had each to 
face practically the same situation. 


and with resources not very unetjual 
Wheeler’s credulous faith in Ins se}>oys 
flung awav the las! chance of the ill- 
fateci British in Cawnpore. T1 was 
this which mafic him gather them 
within those thin lines of (*arth, 
sholterlfvsK from stonn or sunstrokt? 
and without supplies, where iui fate 
except death or surreii ler was possible. 

" I.Hwrence, with surer insiglif, 
meeisurcf! the prt>blem beioie him 
He chose wisel>' the spot wiu‘re the 
British must make their stand for 
existence, lie gathered within the 
lines lie selected all th<? treasure and 
war-hke resources <jf tlic city, with 
supplies that a siege of five mouths 
(lid not exhaust, and his splendid 
foresight ami energy saved Lucknow." 

]^a\\ rence had about 700 European 
soldiers, and there were 7,000 sepoys, 
most of whom wen* known to be* 


mutinous. But beyond the Residency 
and its precincts lay a great fanatical 
city, with a population of about 
700,000. 

Lawrence, a man of great insight a.s 
well as forethought, rightly appreciated 
the possibilities. He told Colonel 
Wilson that nearly the whole army 


would mutiny, but not, he thought, 
the Sikhs, and that in every native 
regiment there was a residuum ot 
loyal sepoys, whom hc^ meant if possible 
to retain. As a matter of fart, some 
700 se]>oys remained loyal, and .served 
through tile siege of laicknow with a 
courage and devotion beyond praise. 

When a Hindu notable advi.st'd 
Lawreme that a number of saert'd 
monkeys should be eolUeted m the 
i^esidency, tlu'n* to be attondijd and 
f(*d by high casti* Brahmins, so that 
thi‘ lasa)L]r of the Hindu gods might 
be secured for the ICnglish, I^awrence 
replied, " Your advice is gotKl. C'om<‘. 

I will show you my monkeys." 

He led the Hindu to a battery (d 
guns and, laying his hand on an iS- 
pt)Lind(*r, .said, " See, hen* is om* of 
my monkeys. That is his food,’' 
pointing to a pile of shot, " and this,” 
laying his hand on the 
shoulder of a sentrv . 

‘ is th(' man wli(» fe(*ds 
ilu'in. Now go and tell 
your friends about mv 

monkevB." 

A Bold AtUok 

As soon as Lawrence 
heaid that rovolttxi 
regiments from Eastern 
Oude were marching on 
Lucknow, hc‘ gathenxl 
a little ftirce of 3(30 
British troops, 230 
sepoys, 120 native 
cavalry, 3O British 
volunteers on horse* 
back, and ten guns, of 
which six were manmxl 
by sep(3ys, and wtuit 
out to attack the 
appn laching r e b e 1 s, 
who were reckoned in 
number about 5,000. 
Actually they w(Te 
about 15,000 ‘strong, 
and had 30 gun.s with 
them. 

The British troops in 
Lawrence’s force 
marched without 
having had a meal for 
hours, and owing to a 
mistake supplies of foc^d and water did 
not follow them. But though ex- 
hausted by heat, thirst and hunger they 
attacked the mutineers vigorously. 
The native cavalry, however, fled, and 
the sepoy artillerymen deserted to the 
enemy. The British, it seems astonish- 
ing to relate, were armed with weapons 



Pointing to an eighteen-pounder gun, Sir Henry Lawrence said to the Hindu, 
" See, here is one of my monkeys, and there," indicating a pile of shot, 
is his food, and this is the man who feeds them * ' 
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inferior to those ol the rclx^ls, and they 
had to fall hack while many men 
dropped from sheer exhaustion and 
others from the effects of sunstroke. 

An officer who was present tells us 
that as the British retreated the plain 
all round them was one moving mass 
of men. Beginient after regiment of 
the sepoys poured steadily towards 
them, and under the deadly fire of 
the mutine<;rs the heroic band of 
British soldiers melted away. WherO' 
ever the fire w?is hottest, there Lawrence 
rode among the men with his hat in 
his hand, cheering them forward 

At last the re 
treating column 
reached an iron 
bridge. The sepoys 
o n 1 n u m b e r e rl 
them by hundreds 
to one, and it 
looked as though 
the whole frjrct* 
would be annihi 
lath'd. The enem\' 
werf? al)Out to rush 
th<‘ bridge, but 
Lawnuicc ordered 
his empty guns to 
Ik‘ placed m line 
across the bridge, 
and told tlx' gun- 
ners t<.» stand beside 
them with lighted 
port -fires. 

On <'ame the 
sepoy host, but 
when they saw 
those menacing 
guns they halt(?<i, 
and Lawrence was 
thus aide to wath 
draw his force into 
the Kesidency Had the mutineers only 
known that the guns were unloaded, 
and that tin* British were without 
ammunition, they would have swarmed 
over the bridge and wiped out the 
entire force. 

There were many women and children 
in Lucknow, and right through the 
terrible months that follow^ed they were 
as brave as the men. Not far from the 
Residency was a building known as 
the Mutchoe Bhawan, which Lawrence 
had decided to hold, but his los.ses in 
the recent expedition made it now im- 
possible to do so, and a message was 
sent to the garrison l>y semaphore from 
the Kesidency roof : “ Retire to-night 
at twelve. Blow^ up well.” 

Colonel Palmer, who was in charge 
af the Mu tehee Bhawan, was ecpial 
to the situation. He gathered together 
into a hug(j jiile 250 barrels of gun- 
powder and nearly a million cartridges, 
and after .spiking every gun that could 
not be earned away, set a tram and 
lighted a fuse. Then the garrison crept 
out silently to the Residency. 

Suddenly there was a terrific up- 
heaval. Tiie gunpowder and cartridges 
hacl explodeci, carrying the Mu tehee 
BhawMii with them. 

An amazing incident attended this 
explosion. A British private had, 
unknown to his comratles, Ixsen left 


Ixihind asleep in the building. He 
went up, of course, with everything 
else, when the gunpowder exploded, 
but in some miraculous way escaped 
serious injury. The next morning ho 
was found standing naked at the gate 
of the Residency and hammering for 
fidniission. 

I'he Residency quarters, in which the 
whole of the British, military and 
t'ivilians. men, wonum and children, 
were gathered, c.onsistod of a group of 
houses and gardens covering an area 
of alx)ut 33 acre.s. In the centre stood 
th<‘ Residency itself, a thn‘e-.storey 


building with windows and verandalis 
all round. 

I'rcnchcs Wr’crc dug and earlhwoiks 
thrown up in the grounds and the 
exterior defences were divide<I into 
1 7 posts, each with an officer in charge, 
and a small garrison of British soldiers 
or civilians, with a few of the sepoys 
w'ho had remained faithful. Every 
man was on duty day and night, and 
if he threw himself down for an hour's 
slumber ho kept his loaded musket by 
his side. 

A Man of Characior 

riic sepoys had a saying that *' when 
l^wrence Sahib had looked once down 
to the ground and once up to the sky 
and strok(xl his ticard, he knew what 
to do.” It was a shrewd summary of 
Lawrence's character. 

Never was a man in a more difficult 
situation. Even counting the civilians, 
who were mostly clerks, he had only 
900 British men, and the 700 sejioys 
were as yet of doubtful loyalty. In 
addition therti were 700 native servants, 
whose behaviour could not be foretold, 
and the garri.son was handicapped by 
having with it 600 Eun)|X'an women 
and children. 

But Lawrence knew exactly how to 
distribute his meagre force. As the 
Residency was closely invested by 


native buildings «tll round, he attempted 
to cle£ir the, sc away and sent out 
workmen with tools and gunpowder for 
the purpose. But he was able to blow 
away only- the upf)er storeys of the 
buildings. This was of great assistance 
to the defence, for it prevented a 
galling fire being directed from them 
down into the Residency. 

The mutineers liegan the siege of the 
Residency on July i.st. Their numbers 
arc said at times to have been 100,000, 
and an official ref>ort tells us that there 
could not ha\’e been less than 8,000 
men firing at one time into the 
enclosure. 

On the 2nd a 
shell from a how- 
itzer broke into 
the room where 
Lawrence was 
lying on a bed, and 
exploded. A group 
of officers wUvS 
gathered in the 
room, but none ol 
these was injured. 
Lawrence, h o w ► 
ever, was struck, 
and the lower part 
of his body .shat- 
tered. “ I am 
killed,” he said, 
and the others 
realised that a 
rt'al tragedy had 
happi'iicHl. 

He died on thi* 
morning of Juh 
.jth, but during 
tho.se 3() hours in 
which he lay in 
agony, ho nevei 
forgot the people 
lor who.se defence he was rc^s^x)nsll)le, 
or tlu* great Empire ol which he was 
such .1 distinguished servant. 

” Never surrender," was his dying 
counsel to tho-se round about him. 
He named Major Banks a.s his successor, 
dictated exact instructions about the 
metlicxl of defence to l)e followtxl out. 
and even described how the health of 
the English might lie maintained. 

” Let every man.” he siiid, ” die at 
his post, but never make terms.” 

Then he exprevS.sed a wish to partiike 
of the sacrament, and a .service was 
held by the chaplain on the open 
verandah amid the crackling of the 
hostile muskets and the crash of the 
cannon balls as they poured into the 
enclosure. 

In a low voice Lawrence dictated his 
own epitaph. ** Here lies Henry L;aw- 
rence, who tried to do his duty. May 
God have mercy on him," and then he 
passed away. They buried him that 
same night. 

Tlie u^elings of the garrison must 
have been very much like tliose of the 
retreating army of Sir John Moore at 
Corunna when thcjir gallant com- 
mander was buried darkly at the dead 
of night, while the enemy's guns 
thundered not far away. 

But Lawrence had inspired the 
members of the garrison with his own 



The Residency at Lucknow after the recapture of the city, showing the damage done to 
the building by the fire of the mutineers 
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spirit, and for nearly three months 
they held out with dauntless intrepidity 
while waiting for the reinforcement'^ 
that seemed as though they would never 
come. 

Astounding deeds of bravery were 
performed. A private of the 32nd 
Regiment, an Irishman nanic^i Cooney, 
one day with a single comrade charged 
into an enemy's battery shouting as 
he leapt over a parapet " Right and 
left extend." The .sej)oys, imagining 
a strong body of troops was following, 
fled instantly, leaving Cooney and his 
comrade to spike tlic guns. Cooney 
was often wounded, but whenever 
there was a sortie he would leave his 
bed to take part in it. He was a, bf)rn 
fighter 

Brave Men and Brave Women 

There was no way by which the 
garrison could get news from outside 
except through messages from the 
enemy, who gave them to understand 
that they were the last Englishmen 
left in India. 

“ This might or might not be the 
case,” vsays Dr. Fayrer, the resident 
surgeon, ” but the garri.son determined 
gi'imly tliat if tliev were the last ot 
their race they would not disgrace it.” 

When the sepoys dropped shell 
after shell from a mortar on to one 
particular house, the ladies kept u]> 
their courage by singing part-.songs 
in the portico, to the accompaniment 
ol thundering shells and whi.stliiig 
musket balls. 

" During the whole siege, ' says 
Mr. Frederick Gubbins, a civilian judge 
inside the Residency, ” I neviM heard 
of a man among the Euroixatis wlio 
played the coward.” 

The civilians wcie as brave as the 
soldiers. They fought as though they 
had U^en warriors all then lives 


Gubbins himself .saverl the Residency 
at one critical moment when the 
sepoys had dug through a wall and 
found their way into a lane skirting 
the compound. With his musk(‘t stuck 
tfirough a loophole he shot down 
every sepoy who tried to cross tlic 
lane, and thus held the position for 
two hours while the Briti.sh defences 
were hurriedly built up again. 

'rhe garrison engineer, Captain 
Fulton. |x*rformed wonders of tc*chmcal 
defence m mining and countermining. 
Oiu'e when the mutineers drove a mine 
close up to the wall of a houst*, and he 
could hear the sound ol their picks, he 
thought tins such impudence that ue 
stead of countermining, he says, " 1 
just put my head o\'<‘r the wall and 
called out in Hindustani a trifle of 
abuse, and ' Fly, fly ’ ' when such a 
scuffle and bolt UK»k place that I could 
not l(jave for half an hour for laughing 
riioy dropped it for good, that was the 
best of the jok(‘ ” 

Meanwhile, wJiat was bt‘mg done to 
lelieve the gallant garri.son ? Leaving 
3(X) men under General Neill to hold 
Cawnpore, Havtdock, on July 25th, 
with a small force of 1.500 men. of 
wliom only 1.200 were Hritisii, set out 
with 10 small camion and bo horsemen 
to lelieve Lucknow 

Racing to the Attack 

Heavy rams had swollen the (ianges, 
so that it took him four days to get his 
little force across the river. 'Ihe in- 
fantry out-marched' the guns, and when 
they readied the village of Oiuio, winch 
was’ held by the lifUltineiTs, the High- 
landers and Fusilifers clamoured to 
attack the place ^wftlioiit waiting for 
the guns to come upf 

Havelock agre©^,|and the Scotsmen 
and luiglishmen fC^<l one another tf) 
get into the vdlagO |5rst Fvcrv house 


had lx?cn turned into a JoopholiHl for- 
tres.s, but the British took the village, 
and pursuing the flying enemy's guns 
captured them also 'Fhen a walled 
tow'ii hatl to lx* taken, and by the time 
it was captured a third of I lav'^ekx k's 
ammunition had been used, and a sixth 
of his force had succumbed to gunfire 
or di.sease 

To make matters worse, he heaul 
that CawnjKire m his rear was threat- 
ened, and that the Mutiny liad broken 
out at various other places 

A Call for Reinforcements 

Havekx'k telegraphed to Calcutta 
that lie t oiild not continue his march 
to Lucknow till he was r<*iriforced by 
1,000 infantry anil a battery of guns, 
but as soon as a single lompany and 
two guns joined him on August 4th 
he started onci* mon*. But although 
h(' won a victory he could not contimn*, 
as every loiirth man under his com- 
mand was disabled by wounds or 
sickness He therefore leJJ hack on 

(‘riwnj)oTc. 

By Septembci ibth, after feinforc<* 
ments had joined him, he felt ready to 
start once more for the relii'f ol Luck- 
now. But just as success seemed 
within his roach, Gencnil James Oiitrain 
arrived to take command of the forces. 

It was a cruel l)low for Havelock 
thus to be superseded by a superior 
officer, but Outram, who has l>e(*n 
callcxl the “ H«iyard of India,' with 
gn‘at cfiualry confined himself to his 
civil office as Commissioner, and placed 
him.self as a volunt<‘<‘r under Havelock's 
orders till tJie relief should lie accom- 
j)lished, so that Havelock might have 
the glory and honour of it. It was one 
of the finest incidents of the great 
Mutiny 

Once* again Havelock crossed the 
fiaiiges, tins time with a force of 3,000 



The dramatic meeting of Sir Henry Havelock, General Outram and Sir Colin Campbell after the relief of the Residency at Lucknow. 

From the well-known painting by Thomas Jones Barker 
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men. Rain fell almost continuously 
;ind the oountiy was like a quagmire, 
but the gallant force went forward, 
and when they came up)on the sepoys 
entrenched in a village, defeated them. 
Outram riding forward with nothing 
in his hand but a gold-mounted cane, 
with which we are told he thumped 
the heads and shoulders of the flying 
enemy. When .some mutim*ers ’who 
h«ui committed horrible cruelties upon 
defencele.ss women and children fell 
into Havelock’s hand.s, he blew them 
from the mouths of his guns. 

At last the relieving force came 
within sound of the guns of the be- 
siegers at Lucknow, and Havelock 
ordered a royal siilnte to be fired, in 
the hope tliat the beleaguered garrison 
would hear it and take courage. There 
Wtis little wind at the time, however, 
and the sound did not carry 
so far as tlie Residency. 

On Sep>tember 23rd Have* 

IfKk’s force had reached the 
suburbs of Luc know, and there 
he defeated a large army oi 
mutineers in a garden known 
as the Alumbagh. Tn a very 
short time 1.200 rebels were 
in flight, and then Havelock 
rested his men for 2.4 hours, 
while he planned th<* adx ance 
on the Residency. 

A Triumphant Entry 

On St'pteinber 25tli the 
advanei' was made amid a 
deadly and unremitting fire 
Irom houses on both sides of 
th(' streets, and from guns 
which i'ommanded the ap- 
profiches Havelock'.s men 
fell fast. A musket ball jnissed 
tlirough Outram's arm. but 
hv only smiled and asked one 
of his oflicers to tie a hand* 
ken'hief tightly above the 
wound. 

riu' marvel is tJiat any ol 
the British force survived that 
terrible man'h. lint slowly 
the houses were captured, the 
sepoys driven from them, and 
at la.st on the evening of the 
->ame day the l^c.si<lency was 
reached. And then through 
an opening in an earthwork 
before one of the gates rode 
Outram on a large horse, followed by 
Havekxk and his Highlanders, with his 
staff, and the Sikhs and Fusiliers. A 
great shout of welcome rose from both 
the beleaguered and the relieving 
troops. Even the women and the 
chilclren, and tlie sick in the hospital, 
joined in the shout. 

The big, rough*bcarded soldiers, wc 
are told, seized the little children out 
of the arms of the ladies and kjs.sed 
them with tears running down their 
cheeki^ They thanked God t&at they 
had arrived in time to save the.se from 
the fate of the women and children at 
Cawnpore. We expected to have 
found only your bones,” said one of the 
soft 4 ieartea Highlanders, as he joy- 
fully snatched up a child. 


For nearly ninety days the garrison 
had l)ecn besieged, but never once had 
the British flag ceased to fly over the 
Residency. 

The garrison was relieved, but at a 
great cost. Of the 3,000 men of the 
relieving force more than 700 or nearly 
one in every four had b^n killed or 
wounded. It wa.s rather a reinforce- 
ment than a relief, for the sepoys still 
kept up a tireless fire on the Residency. 

Outram now took command, and for 
six weeks the strengthened garrison 
held its own against the swarms of 
mutineers who still blockaded the 
Residency. 

But by November reinforcements 
were arriving from England, and Sir 
Colin Campbell, a distinguished soldier, 
had come out as Commander-in-Chief. 
He reached Cawn|)ore on November 


3rd, and on the 9th set out for the 
relief of Lucknow. It was thought, 
though incorrectly, that the garri.son 
had hx)d for not more than five or .six 
dav.s. 

The relieving force Wtis only .5,000 
strong, but of the most magnificent 
fighting quality. On Novemlxjr T2th, 
Campbell had reached the Alumbagh, 
and then by dint of hard fighting, 
position £ifter position was carried, till 
at last a building known as the Mess- 
house, not far from the Residency, was 
reached. 

From the summit a Union Jack 
was hoisted as a signal to the be- 
leaguered garrison, but the sepoys 
directed their fire upon this and twice 
shot it down. 


Signals were then sent from another 
building surmounted by a dome. 
An adjutant, a sergeant and a little 
drummer-boy named Ross, twelve 
years old and small for his age, climbed 
to the very top of this dome, put a 
Highland bonnet on tlie top of a staff 
and waved the regimental colour of 
the <)3rd regiment, while the small boy 
sounded the regimental call on his 
bugle. These signals were seen and 
answered from the Residency before 
the .sepoys opened a battery on the 
dome. 

The three heroes descended, but 
little Ross turned round, and running 
up a ladder held on to the spire of the 
dome with his left hand, and blew the 
call known as ” The Cock of the 

North *’ as a defiance at the enemy. 
Tt was a wonderful act of bravery in 
one so young. 

Finally the Residency was 
if ‘t reached, and it was then de- 
cided to bring away the 

garrison with the women and 
children, and to aV>andon the 
walls and trenches of the 

battered Residency to the 

enemy. Them were 600 

women and children, and 

more than a thousand sick 
and wounded men to be con- 
ducted through the midst ol 
a great hostile foice, but it 
was done and done safely. 

The Death of a Hero 

Four hours after the last 
Briton had left the Rtsidenry 
the reliels vv(‘re still pouring 
a fire iqK>n tlie enclosure 
thinking the British were still 
inside. 

The gallant Havelock died 
from an attack of dy.senlt*ry 
as he wa.s being carried oul (if 
the building, and his remains 
li(» buried in the Alumbagh, 
which h(‘. had himself won by 
a daring a.ssault only a few 
months Indore. The interior 
of the Alumbagh is now a 
garden, and an obtdisk marks 
the spot where the “ bravest 
of the brave ” lies buried. 

It was no easy task to take 
back safely to Cawn])ore the 
refugees from I.ucknow. The 
women and children and the wounded 
with their escort made a procession 
many miles long, and Campluiirs great 
anxiety was that the bricfgo of Ixiats 
which spanned the Ganges at Cawnpore 
should not be dcstroyecl by the enemy 
before he arrived, for it was his only 
possible line of retreat. 

He had left General Windham to 
guard the bridge and hold Cawnpore 
with only 500 men, against a rebel 
force of 25,000 men armed with 40 guns, 
and commanded by the ablest soldi«sr 
among the mutineers, Tantia Topi. 

It was a terrible situation, for the 
amvoy of refugees could not be saved 
till the bridge was crossed. No news 
came from Windham, and then the 
sound of cannon was heard. It was 
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clear that the little British force was 
being attacked and fighting for its 
life. All through the night the boom- 
ing went on. If the bridge fell, then 
not only Windham, but Campbell and 
all those with him would probably be 
annihilated. 

Captain Forbes-Mitchell tells us how 
Campbell met the situation. “ If the 
bridge of boats should be captured 
before we got there we would be 
cut off in Oude with 50,000 of our 
enemies in our rear, a well-equipped 
army of 40,000 men with a powerful 
train of artillery, numbering over 40 
siege guns, in our front, and with all 
the women and children, sick and 
wounded, to guard. ‘ So. 93rd,’ said 
the grand old chief, I don’t ask you 
to undertake this forced march in 
your present tired condition without 
good reason. You must reach Cawn- 
pore to-night at all 
costs/ ‘ All right, Sii 
Colin/ shouted one 
voice after another 
from the ranks, ' we*ll 
do it t ‘ ” 

Tlie men had not had 
their clothes olf or even 
changed their scjcks for 
eighteen days. But 
they dashed forward, 
and although Windham 
had been defeated by 
DverwhelmingnumlKJrs, 
they saved the bridge 
ana defeated the 
enemy The convoy of 
women, children and 
sick from Lucknow was 
c a r r i (i d safely- into 
Cawnpfire. 

A Symbol of Power 

The capture of Delhi 
by tlui rclwls on May 
iTtli was a great dis* 
aster for the British, 
not Im-ause ui any 
particular military 
value that lay in this 
city, but Ihk anse as the 
capital of the old Mogul 
Empire it was the great 
symbol of authority to 
the people of Northern 
India. 

With the English turned out of Dclln 
and the native king, who had formerly 
enjoyed merely the trapping.s of royalty, 
proclaimed sovereign of Hindustan, the 
maSvS of the natives in that part of 
Northern India felt that the reign 
of the British Raj had really come 
to an end. 

It was thcretore essential that if the 
British powder was to be re-established 
in India, Delhi must be recaptured, 
and that as quickly as |)ossible. 

This great work we owe perhat^s 
more to Sir Henry Lawrence’s brother 
John (afterwards Lord Lawrence) than 
to any other man. Sir John Lawrence 
held a difficult position. He was the 
Chief Commissioner of the Punjab, a 
country of twenty million inhabitants, 
which had only recently been conquered 


by the defeat of the warlike Sikhs, and 
was held by sepoy regiments now 
thoroughly disloyal. 

What would tlie Sikhs do ? Would 
they throw in their lot with the sepoys 
ana the whole Punjab blaze up into 
rebellion ? 

It might easily have done so, had it 
not been for Lawrence. He was a man 
of iron resolution and instant decision 
Placing the forts, arsenals and treasuries 
in the Punjab in charge of tlie few’ 

British troops which he had at his 

command, he organised a mobile 

column of European troops of the very 
best <iuality, which he pUiced under 
the command of General Neville 

Chamlxirlain, ready to strike instantly 
at any place where mutiny became 
active. 

Where mutiny actually did break 
out judgment wras .swift and the punish- 


ment he inflicted terrible. Then the 
sejxiy regiments were disarmed, ami 
Lawrence with great daring built up 
a new army nearly 50,000 strong 
comjx)se<l of the Sikhs, who had so 
recently been the enemies of Britain. 

What a strange position : the con- 
quered jH^ople W’ho were supposed to 
be h(fld in aw’e by the sepoy regiments 
which had defeated them under British 
leadership, themselves became the 
instruments of re-establishing British 
rule against those very sepoys. 

But as Ciiptain Talboys Wheeler 
points out, during the few short years 
that the Sikhs had been under British 
administration they had not forgotten 
the miseries that prevailed under their 
native government, and ccluld appre- 
ciate the many blessings they enjoyed 


under British rule. They stood staunch 
for the British Government, and ex- 
pressed their eagerness to be led against 
the rebels. 

I.awrence decided that Delhi must 
be bt‘sieged without an instant's delay. 
He gathered a force for the purpose, 
formed a military Uise at Umballa, a 
hundred miles away, and arranged to 
supply the besieging force with men, 
munitions and food. He reinforced it 
with his own frontier troops, the 
famous Guides and Gurkhas, and later 
on with the mobile column, which he 
had fonned to suppress the mutiny in 
the Punjab. 

The (tuid(*s were led by a gallant 
.soldier, Lieutenant Hodson, who later 
raised a famous regiment of irregular 
cavalry known a.s Hodson 's Horse, 
that performed exploits of valour 
during the snppre.ssion of the Mutiny. 

Lawrence’s efforts 
were eventually 
crowned with 8ucc<\s.s. 

“ Through him," wrote 
I>ord Canning, the 
G o V e r n o r - G e n e raJ, 

" Delhi fell/' and that 
was the lieginning of 
the end of the Great 
Indian Mutiny. 

A Fierce Campaign 

But It was a fierce 
and bitter campaign 
that had to lie waged. 

\ small body of British 
trcKips was holding the 
Ridge outside Delhi. 
Sir Henry Barnard had 
marched from Alipiir 
and reoccupied the old 
cantonment, which had 
been abandoned on 
May nth. He had to 
defeat a ktrge rebel 
force to do so. 

Inside Delhi there 
were about 30,000 rebel 
troops with |x>werful 
artillery, ample stores 
of munitions and 
abundant provisions, 
rijc defences of the city 
rovxTcd an area of 
three square miles. 
I'hey consisted of a 
series of biistions 16 feet high, con- 
nected hy long walls with occasional 
towers to aid the flanking fire. F£very 
bastion had ek‘ven guns mounted, and 
both the bastions and the walls were 
built of masonry 12 feet thick. Run- 
ning round the ba.se of the bastions 
and walls wa.s a terrace varying in 
width from 15 to 30 feet, and having 
on its outside edge a wall IcKipholed for 
musketry. 

The whole was surrounded by a 
ditch '20 feet deep and 25 feet wide. 
On the eastern side of the city ran the 
river Jumna, and there was a bridge 
of boats opposite the city prison near 
the palace of the king. There were 
seven gates to the city, and the prin- 
cipal street, the Chsindni Chouk; ran 
from the Delhi Gate to the palace. 



Nicholson was so respected by the Hindus that a brotherhood of Fakirs 
renounced all other creeds and derated themselves to the worship of Nikkul- 
Seyn. They would lie in wait for him and fall at his feet with votive offerings 
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The British flag was kept flying on 
the Ridge, but for weeks nothing 
could Ik? done to attempt the siege of 
the city. The besiegers were indeed for 
a long time really the besieged, for 
th(‘y were exposed to assaults from all 
sides. 

On June 23rd, the looth anniversary 
of the Ixittle of nas3e)\ the rebels made 
a gr(?at effort to carry the British 
position. They advanced in over- 
whelming numl)ers, and for hours there 
was a deiidly struggle. Only after the 
Sun had set was the enemy compt'lled 
to retire, having lo.st a thousand men 

Dr. Fitchett says : riie first re- 

inforcement to arrive took the siir^ 
pri.sing shape of a baby. One officei 
alone, 'fytler. of the 3Hth Native* 
Infantry, had brought his wife into the 
c amp ; she was too ill to be sent to tlu' 
rear, and in a rough wagon h^r l>ed- 
chamlK?r, gave birth to a son, who was 
solemnly named Stanley Delhi Force. 
I'he soldiers weleomed the in hint with 
an odd mixture of humour and super' 
stition. A British private was over- 
heard to .saJ^ ‘ Now we shall get our 
reinforcements. This camp was formed 
to avenge the blood of innocent.s, and 
the first reinforeement sent ns is a 
new-born infant.' ” 

Similar actions to that doscnibed 
were fought again and again through 
the early wwks of August. But re- 
inforcements were tieing scjnt, and b}’ 
the middle of August Tfngadier John 
Nicholson, one of the great heroes of 
the Mutiny period, arrived from the 
I’unjab with a brigade of troops and a 
siege train. Then 
in the? first week 
of Septcmiber a 
heavy tniin ol 
artillery was 
brouglit up from 
Ferozepore, and 
the British force 
on the Ridge at 
last exceed e d 
8,f>oo men. 

'fhe siege began 
in earnest. Fifty- 
four heavy guns 
pounded away at 
the gates and 
bastions, and bat- 
teries poured in a 
constant storm of 
shot and shell. 

By September 
1 3th breaches had 
been made whicfi 
were rcfKirted by 
the c'nginefM’ offi- 
cers to lx? ijuite 
practicable foi 
assault. Nicholson was to lead a 
column of 1,000 num and carry the 
breach near the Kashmir Bastion, 
A second column under Brigadiei 
Jones with 850 men, many of them 
natives, was to attack the gap near the 
Water Ikistion. A third column 950 
stronjj under Colonel Oimpl>ell was to 
blow in the Kashmir Gate and fight its 
way into the centre of the city. A 
fourth column under Major Reid, cim- 


si sting of Guides and Gurkhas with a 
few' English was to force its way in 
by lilt? Lahore Gate. A reserv e column 
1,000 strong under Brigadier Longfield 
was to render iissistance at any point 
where it might be n<?t*dod. 

At three o'clock in the morning, 
while the stars were shining, the les.soh 
for th(? day was read In^fore the men in 
their tents, and it Wtus regarded as 
remarkable that it .should be the third 
chapter of the prophet Nahum, where 
the opening verses run : " W(x? to the 
blo<xly city ! It is full of lies and 
robbery . . . Behold. 1 am against 

thee, saith the lx>rd of Hosts." 

The Taking of the City 

J'herc IS no space here to describe tlie 
wonderful attack upon the city, the 
amazing gallantry and fearlessness that 
w'as shown by all, and the almost super- 
human efforts that were made. Suffice 
it to say that the Kashmir Gate wiis 
succes.sfully blowui up, and the third 
column ru.shed in and pushed towards 
the centre of the city. 

Meanwhile, the first column iindei 
Nicholson climlxHl through the breaches 
of the Kashmir Bastion, and fought its 
way along the ramparts towards thr 
Kabul Gate. There it was met by the 
second column under Brigadier Jones, 
who had entered through the breach at 
the Water Bastion. 

As they advanced the columns were 
met by a ceasele.ss fire from the loop 
holed houses and mosques, and John 
Nicholson, the hero of the day, while 
w«ivirig his sword and leading his men 


up a narrow street, was shot through 
the body and fell mortally w'ouiided. 
Raising himself on his ellxiw he called 
to his men, " Go on ! " and refused all 
hel}), so as not to detain any of the 
fighters. When an officer begged to be 
allowed to convey him to a place of 
safety. Nicholson declared that he 
would allow no man to interrupt his 
duties so as to remove him. but would 
tlic there. 


He was a remarkable j>ersonality, a 
strange mixture of piety and daring 
bravery. His influence erver th(‘ natives 
was marvellous. A brotherhood of 
Fakirs, we are tokl, renounced all 
other creeds and devoted them.selves to 
the worship of " Nikkul-Seyn." They 
ii.sed to lie in wait for Nicholson and 
fall at his feet with votive offerings, 
and this despite the fact that Nicholson 
did his best to cure them of their piety 
by a sound application of the whip. 
J nat, however, ti; the Fakirs, was only 
an added proof of his divinity. 

Sir Donald Macnab says that when 
the worshippers of Nikkul-Seyn heard 
of his death they met together to lament 
and one of them stood forth anil 
declared that there was no object in 
living in a world that no longer con- 
tained Nikkul-Seyn, and he thereupon 
committed suicide. The others de- 
cided that this would not have b(?en 
approved b^' Nikkul-Seyn, and so tbev 
clti'ided to learn to worship Nikkui- 
Seyn's God, and the entire sect actually 
accepted C'hristianity. 

By September 20th tht‘ whole city 
was in the hands of the British. I'he 
rebel troops had fled ctnd the old king, 
but hi? was brought back to Delhi by 
Hodson. 

rhe next day Hixlson went out 
again with a hundred horsemen and 
captured the two .sons of the king in 
till* midst ol a great crowd of armed 
TetainiTs. 

N<*ar tlie city the party was sur- 
rounded by a great crowd, and Ihxl.soii, 
who was afraid of a ii.siiie, decidixl to 
shoot Ix^th the 
prince.s, who had 
ix‘en r(\sponsible 
for s o m u c h 
cruelty. He fired 
at them with his 
own pistol, while 
the crowd stcxxl 
kxiking on. shud- 
dering at the dai 
mg ol the Sahib. 

It is easy enough 
lor a r m c h a i i 
critics to condemn 
Hodson, but there 
seems little doubt 
that th(?se blood- 
.stained villains 
would have been 
rescued and es- 
caped hiul he not 
carried out what 
he considered an 
execution. They 
certainly deserved 
their fate. 

Little remaiin 
to be told. The capture of Delhi 
was the turning point. Sir John Outram 
drove the rebels out of Lucknow and 
re-established British rule in the capital 
of Oude, Sir Colin Campbell conducted 
a successful campaign in Oude and 
Uohilcund, anil at last law and ordei 
were restored. And on Septemlx?r ist, 
1858, Queen Victoria was proclaimed 
Empress of India, and the rule of the 
East India Company ceased 


t. 



The Kashmir Gate at Delhi, photographed after the recapture of the city The damage 
done to the walls by the British gunfire can be seen 
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GRAVITY SHUNTS 4,500 WAGONS A DAY 

Like everything else, shunting on the railway has been mechanised and is now done by mass production, 
in a few huge marshalling yards. Gravitation is made to assist in moving the wagons so as to save engine 
power and the actual shunting is controlled from a glass tower, as explained here 


T he method of shunt iri(( and making 
up trains iias Inni C()ni[)]etely 
revolutionised in recent years. 
Instead of doing the shunting locally 
in scores of centres as was fornuTly 
the cast!, the modern wav is to have 
one or two great marshalling yards, 
wht*re all the trains are nnide up in a 
minimum of time and with a minimum 
of lal 30 ur. 

At thcsi^ yards the tracks, which 
often t<)tal many milevS, ar<‘ arranged 
in gridiron fashion, one gridiron being 
us4*d for tile reception of coaches or 
\vagons and the otner for the despatch 
of the trains when made up. 

Trains jiick up the various wagons 
at the different stations ak)ng the 
branch and main routes and take them 
to the marshalling yard where there 
Mi a raised ])art known as a “ hump.” 
The wagons are pushed by a powerful 
engine up the hump, atid just bedore 


they retu h the top arc uncoupled by a 
shunter. Them they run down the 
other side by gravitation and each 
is directed into its proper track by a 
man m a (ontrol tower who w^orks the 
points ]>v switches and c.m manipulate 
electric or hydraulic brakes whiidi are 
on the lails instead oi on the wagons. 
In this way the traims are made up 
much more quicUlv 'bail tht'V could be 
by the old mrdhod. 

One of thcs<‘ marshalling depots, 
known as the Whitemoor yard, is at 
March on the Kasleru Region of British 
Railways, ft has fifty niihs ot track 
and can deal with 4.500 wagons daily*, 
'fhe movements of the wagons are con* 
ti oiled from two glass-sided tow'crs by 
four men, and as an example of what 
can 1)0 done it may be mentioned that a 
train (d 50 wagons from over a dozen 
places can be made up in 10 minutes. 


When the wagons have pass<‘fl over 
the hump, tJie sharp desr<mt causes 
them to draw away from one, another 
rapidly, thereby enablmg them to be 
.switched on to wha1<‘V(’r lint* may be 
de.sired. I'lie cabin or tower is sitnait d 
on top of tht* liunij) and a complt'te 
view ol lilt* whole system is obtaiiud 
through the glass side of tht* building. 

I'lie wt»rkmg of the i-Hiwer-opt'ratt’d 
-switt.hes .so as to insure that the trains 
shall b(‘ madt* uj) 111 the proper manner 
is a highly skilled task and involv(‘s 
great resjionsibility. 

'I'lji* saving resulting fiom this new 
and efficient method of shunting is 
(‘iiormous. In time, in lalxnir, and m 
engine pow<‘r almost incredible <*con- 
oinies areellected, and theold-tashionetl 
method of shunting locally will soon be 
obsolete except in a few cases where 
there arc special reasons for retaining 
that system. 



The 

upol 


central tower at the Whitemoor marshalling yard on the Eastern Region of British RaUways, where aU the shunting and malung 
SS Klrted ^ by aSTtaThe tower working switches wWch .Tter the ^ints and apply hydraulic or eto brakes attached 
to the railsf This yard has 40 sidings, totalling fifty miles of track, and deals with 4,500 wagons daily. 
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THE MODERN ROAD AND HOW IT IS MADE 


T hk Romans were the greatest road- 
builders that the world had ever 
seen, up to quite recent times. 
Whe;rever they went they built high- 
ways which have in many cases lasted 
down to our own day. 

Ihifortunately in England as well as 
in other countries as the centuries went 
by the roads were allowed to get into 
disrepair, and by the eighteenth cen- 
tury they wcn.‘ bad that for months 
together every year many towns and 
villages were practically cut off from 
the rest of the world. 

By the beginning of the nineteenth 
century the road problem was so acute 
that a great reform was set on foot, and 
many g(^>d highways and by-roads 
were construe tecl, whiidi did good ser- 


roads were thickly covered with slush 
and mud, which dried in ruts. 

Nothing could .stay the development 
of mechanical transi.)ort, however, and 
so the roads had to be adapted to the 
traffic instead of the traffic to the roads. 
Scientist.s and engineers set to work to 
discover what wa.s the best type of 
nmd for the new traffic. Entirely 
different materials were needed for 
both the foundation and the surface 
from those used in the old roads ; and 
at last a suitable form of road was 
evolved which could resist the pre.ssure 
of heavy vehicles and the rapid motion 
of mechanically driven transport. 

Tt also came to be realised that the 
making of great arterial roads was a 
national business and not a local affair, 


heaviest traffic the world has ever seen 
can be constructed in a few months. 

On this page we See some of the 
machinery used on large-scale road- 
making. A power-driven excavator 
scoops away the material, while as fast 
as it is dug out the material is carried by 
an endless band conveyor and loaded 
into a trailer drawn by a caterpillar 
tractor. The surface on which the 
road foundation will be laid is smoothed 
by bulldozers and mechanic^il scrapers. 

The wear and tear of a road occa- 
sioned by rapidly moving vehicles 
bearing heavy loads can hardly be 
imagined, and it is essential that the 
foundation of a road shall be made of 
the strongest material, such as rein- 
forced concrete. Concrete by itself is 



In this photograph we see road-making machines at work. It is a good example of the mechanisation to be found in connection with 
the making of arterial roads. The power is supplied by two Diesel engines, one driving a caterpillar elevating grader, and the other 
towing a trailer. While one machine cuts away the earth, the other by its side receives the excavated matter, which is passed to the 
truck up a continuous chain elevator. These are only two of the many ^pes of road-making machines which do the work of thousands 
of men in a tenth of the time that would be occupied by the pick and shovel methods of road-making. 


v ice so long as the roads were needed 
only for horse traffic. 

But with the advent of the motor- 
car it soon txK:ame clear that the exist- 
ing roads had many defects. They 
were often too narrow and winding and 
in many cases had steep gradients. 
Above all, their surfaces were such that 
the rapidly moving traffic wore them 
away in a very short time. 

Not only did the new mechanical 
traffic cut the roads to pieces, but the 
dust that was thus created became 
intolerable in windy weather, while 
in the rainy season many of the 


and in England, America and other 
countries a great road-making epoch 
lx?gan in which all the latest science 
was brought into service. 

The cutting of a wide arterial road 
through a difficult country is a big 
task that needs mechanical appliances 
of the very latest type. Explo.sivcs are 
used to remove rocky obstructions, 
mechanical excavators do the work of 
thousands of men in a tenth of the 
time, and whereas in the old days 
thousands of slaves bad to work over 
a long period to make a big road, to-day 
a road capable of sustaining the 


solid, but has no resilience. That is 
provided by .the steel reinforcement. 

Thou the surface, while it must be 
smooth so as to reduce vibration to a 
minimum, must at the same time be 
capable of resisting the large amount 
of friction from the wheels. 

For the surface the principle of 
McAdam of using fragments of hard 
stone is still followed, but tar is also 
used as a bindier. Some surfaces are of 
asphalt, which becomes very hard whem: 
rolled and cooled. Blast furnace slag, 
bound with tar, is also used both for 
the foundation and for the surface. 
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THE BIGGEST DRY DOCK IN THE WORLD 





i^t the time of openi 
t«03f feet tong end 


in from the air shows the world’s Wggest graving dock at Southampton being opened by King George V in July, 
•Hf virTArio. and' Albert is steamine into the dock after cutting a ribbon stretched across the entrant. The dock was 

^n wnsSuct^ witS an eye to the future, for while thejjiggest ship ^oat 

r^s the^&iestic 56,dti tons and 915 feet tong, the dry dock easily accommodates the whidi is 

isplaem^Ss!^ tons. The dock tcwk siit years to construct and 20,000,000 tons of material had to be removed. 



HOW THE WHEAT IS CLEANED AND GROUND 



On these pages we show in simplified form what happens in a large modern flour mill, equipped with the latest machinery for cleaning the wheat 
and grinding it into flour. The wheat on arriving is delivered into a hopper by a travelling belt, and is carried to the top of the building by a bucket 
elevator, where it passes through an automatic weigher and thence through a coarse sifting machine. This allows the wheat to pass through a 
perforated metal covering, while the chaff and dust are blown away by a fan, and stones and other rubbish fall down a slope and are collected 
outside. The wheat then passes in^o storage bins, from which it is drawn as required. The wheat from different bins passes through machines which 
measure out given quantities, and blend various wheats to provide a suitable mixture. The blended wheat then /alls into a bin and is carried once 
again to the top of the building for cleaning. First of all it passes through a separator with a jigging sieve, or shaking platform, of perforated metal. 
The wheat falls through perforations, but such things as maixe, short straws and so on travel on and are collected. The wheat then falls on to a 
second sieve, the holes of which are too small for a grain of wheat to go through, but large enough for smaller seeds, dust, and so on to pass. A 
strong current of air blowing through the machine carries away the chaH and lighter dust. The wheat is next fed into a cylindrical drum of metal, 
the inside of which consists of a large number of drilled indents. These dents are of such a size and shape as will just hold a grain of wheat, but 
are not big enough to pick up a grain of barley or oats. The wheat is thus picked up and thrown by centrifugal force into a collecting conveyor in the 
middle of the cylinder, while any barley and oat grains mixed with the wheat are shot along to the end of thd machine and delivered into a sack* 
The wheot passes into ahother machine of a similar kind. With smaller dents in the discs, and here cockle seeds are separated from the wheat, Which 






INTO FLOUR READY FOR THE BAKER’S USE 



next pAStes to a scourer, that cleans the skin. This consists of a metal drum lined with emery, and has inside last revolving; beaters which throw 
the wiaat Against the emery so that its skin is rubbed clean. A strong current of air carries away the dust and dirt. The wheat is now washed, 
passing into a shallow tank where stones and sand sink to the bottom, while the wheat is propelled over the end and given a thorough scrubbing 
by means of a screw conveyor upon which jets of water under high pressure play. It next passes into a centrifugal drier which whizzes it round, 
the water being thrown out through perforations, and it is then further dried by a blast of hot air. Having been thoroughly cleaned, the wheat is 
now ready for grinding. It is carried once more by a conveyor to the top of the building and is passed through corrugated steel rollers known as 
break rolls, which lemove the outer covering of the grain. The wheat then passes through a revolving sieve known as a scalper, which separates 
the large bran from the broken wheat. Again the wheat passes through smooth rollers which break it up still more, and tlirough another scalper, 
and the process may be repeated half a dozen times. The bran is collected in a bin and the coarse flour is now conveyed once more to the top of 
the building, where it goes through a grading reel, which divides it up according to size. Then it passes down to a purifier, where the dust is blown 
from it and the half*ground flour once again drops below and passes through milling J*ollers, which grind it very nne. It then goes tlirough an 
apparatus known as a bolter, containing many sieves, which is constantly vibrating so as to shaJre the flour through the meshes. The fine 
flour passes through, while the coarser stuff is collected for regrtr ding. The fine flour it carried to the t^p of the building again, ground still 
flner by a further set of rollers, sifted in a bolter, and then passes into a bin to be drawn off and packed into sacks for the market as required 








THE GREAT ROMANCE OF A FROG’S LIFE 



fiiH gnmn frog 


Here is the romantic liie*story ol the common frog. After sleeping through the winter the female frog wakes up in spring and lays her eggs dt the 
bottom of a pond or ditch. The eggs are small black globes, each surrounded by a covering of jelly, which soon absorbs water, swells upl and rises 


Many tadpoles collect in clusters on the waterweed, attaching themselves by suckers. Each tadpole lives for a time on the food supply left la its 
body from ^ egg, and Uien a mouth appears. The tadpole now feeds voraciously on a plant diet When the tadpole is a month eld little 
hind»>lm develop and grow, and then fore-legs appear. As the legs grow the tail gets smaller and at last disappeare. The frog now lives on tiny 
inseeta, and leaves the water, but returns occasionally in dry weather. It is a great jumper, and it is also deyer at catching insects wi^ Hi tongue 





Bfl Wonders oF Animal & Plant Life 



THE STRANGE LIFE-STORY OF THE FROG 

Wc do not have to go to remote lands to discover romantic life-stories in the world ol nature. There are 
plenty of them round about us and none is stranger than that of the common frog of our ponds and 
meadows told here. The changes this creature goes through as it lives its life are very strange and curious 


I N late February or early March, 
according to the weather, we hear 
a loud croaking in the neighbour- 
hood o( ponds and marshes. It is the 
voice of the frogs that have bet.Ti 
awakened by the Sun from their winter 
sleep, and have made their way to 
water in order to spawn, or produce 
their egg.s, from which will come the 
next generation of frogs. 

When the winter i amc the frogs 
buried themselves in the mud at tlic 
bottom of the ponds and ditches, and 
there they remained in a state of torpor 
till the s])nng. No matter how cold 
the winter is the frogs can generally 
survive, for they are what is known 
as cold-blooded animals, that is, their 
tcmjxjrdture varies very liitle liom 
that of their surroundings, whereas 
birds and mam 
mals, including 
ourselves, generalK' 
maintain a con- 
stant temperature. 

The warmth of out 
blood varies very 
little b c t w c 0 ii 
summer and 
winter. 

The Noisy Male 

When these 
awakened frogs 
have made their 
way to the pond.s 
and ditches they 
pair, with much 
croaking by both 
sexes. The male 
makes much more 
noise than the 
female, for he luis 
a pair ot sacs 
which he inflates 
with air, and thes<‘ 
then act as resona- 
tors. The female ^ 

lays her eggs or The edible frog which 

spawn, and these 
soon float to the 

surface of the pond as a gelatinous 
transparent ma.ss. There are anything 
from one to two thousand eggs each 
enclosed in the jelly-like substance, and 
the parent frogs, after spawning, leave 
the water and the eggs and take up 
once again their life on land. 

The jelly that circles the eggs serves 
several very useful purposes. In the 
flrst place it acts as a float, then, being 

a xsry, it is a good protection against 
8 and fishes and the larvae of 
insects which would like to make a 
meal of the frog's eggs. Finally, the 


jelly ads as a lens, intensifying the 
sun’s rays and warming the eggs. 

WhcMi the eggs were first laid each 
consisted of a black and a white part ; 
the whib^ part, which is always Ixdou, 
contain.s a store of IckkI on uhn. li the 
little tadpole, as it develops, lives, until 
it acejuires a mouth and can teed in Iho 
usual way Very soon in tin* middle 
ol the black or upper part ol the egg a 
little pit a})j)<*ais, whicli d<‘veloj)s into 
a groove, finally rea< hing right roiimi 
the egg. Then another groove tonus 
at right angles, and a third groove 
devehijis round the egg lilo' an etpiator 
In this wav the egg is divided up into 
eiglil parts, but it does not stop there. 
Other divisions ajijx^ai. until when 
si'en through a mkros<ope it looks 
soinelhing like a golf ball 



is regarded as a great delicacy in France. It 
from the common frog of England 

After a time the egg ceases to be 
round, and one sees w^hat is evidently 
the head and trunk of the future tad- 
pole. Then a tail develops, making the 
animal look something like a fish, and 
the tadpole then makes its way out 
of the jelly covering, and is hatched. 
This is aliout a fortnight after the time 
the eggs were first laid by the mother 
frog. 

But the tadpole as yet hfis no mouth, 
and so it continues to live on the food 
that was in the egg. It is unable to 
swim properly, and ii attaches itself 

i3«3 


witli otluus ol its kind, by means ol a 
sucker on the underside of its head, to 
the leaves of waterwtx‘<l. 11 we exainim' 
the young tadpole we shall see line 
ihre.ul like growths on each side oi the 
net k They are external gills, ainl as 
the tadpoU* is ex('liisivi‘ly a wab'r 
tn-alure at this stage it needs giU.s in 
oilier to breathe, 'the mouth soon 
apf»ear.s, ami thi* tadpole now begins to 
feed on the plants and also to .swim 
about. Soon slit.s opi-n in the si<les ot 
the tadpoU ’s iu:ck, ami a number ot 
folds an* tornu'd. 'fhi’se are internal 
gills, and now a^ tlu' external gills are 
iK^ longer needed tlu‘y slirivel np and 
disappear, 'flu' taclfiole takes in water 
through its month and pas.se.s this out 
through t)ie slits, and as it goes ovei 
the folds the oxvgen of the air c<»n 
tained in the wsaiei 
IS t X tract ed. 

'flu* tadpole 
now' grows lapidlv 
Its tail has deve- 
and enables 
it to swim qincklv 
througli the watei 
At tliis stage it is 
iniuh nion* like a 
fish than ,\ frog, 
and foi this nsa.son 
s('ien tests believi' 
that Irogs have 
descended from 
lish-like ancestor-s 

Another Change 

Now' anothei 
r e m a r k a b I e 
change talo s place 
in the tail pole 
Th<* internal gill.s 
arti gradually re- 
placed by lungs, 
and soon the tad- 
pole IS seen to 
come freiiuently to 
is a different species snrt.'..-<- o( the 

water in order to 
b r (' a t h e a i r 
Gradually limbs appear, first the fore- 
legs and then tlu‘ hind legs. The tad 
|K)le still has a tail, but it is changing 
into a frog. For a little, time it is un- 
able to take out. side foot1, and it absorbs 
the substance of its tail, which gets less 
and less. Meanwhile the legs develop, 
and at last we have a real frog. The 
gills have shrivelled up, the slits have 
closed, and the animal leaves the water 
able to breathe the air of the atmo- 
sphere. 

It now moves by long leaps, its long 
hind legs enabling it to travel in this 


\XrONDERS OF ANIMAL AND PLANT LIFE 


way Its food consists of insects, snails 
an(l worms, and when it w'ants to eat 
the froj> squats with the fore part of 
its body raised on its front legs, facing 
its intended pn*v Its thnnit is seen 
to inovtr rapidly, and tlie nioiuent 
an insect be.gins to move the frog 
daps out its tongue like lightning, 
seizes the insect and draws it into 
its mouth 

Th(‘ tongue is a qu<‘er organ and, as 
can be seen in the picture on page 13H2, 
it is particularly adapted lor catching 
ins(*( ts in this way, tor it is fastene<l 
to tht* mouth 111 trout, while the back 
part is tree This enables it to be 
thrust forward with lightning-like 
I apidity. 'riit* mouth also can be opened 
very wide, the gape (‘xtending literally 
from ear to ear 

Once* tiu* tongue has managed to 


bring the insect into the frog’s mouth 
there is no escap^i, for the trog closes 
its mouth and its teeth, of which there 
are tw'o sets, keep the insect in. The 
insect is soon swallowed. Here it 
should be mentioned that the frog 
is a very useful creature and a 
great triend of the gardener and the 
farmer, for it d<‘VOurs large numbers of 
harmful insects. 

The frog breathes not only through 
its mouth, but also through its skin, 
which is very thin, and on its inner 
surface has many blood ves.sels. The 
oxygen cun thus be easily absorbed 
by the blood. All over the frog’s skin 
there is a .slimy liquid produced by 
tiny glands, and this substance hidps 
the skin in breathing, wliile itsevaiiora- 
tion in the warm air keeps the frog’s 
Ixidv cool 


The frog varies in colour a good deal, 
having the jx^wer of camouflaging 
itself by making its colour more 
or less match its surroundings. In 
th(‘ skin of the frog there are tiny 
six‘cks of browui matter, and the.se 
increase in size wlien the frog i.s 
on a dark background and contract 
when it is amid light surroundings 
The frog has a number of enemies, 
among them fieing the grass-snake 
wiiich finds this ampliibian a dainty 
morsel. 

It i.s a wonderful round of life that 
the frog goes through, and yet how 
unromantic the creature seems when 
it hops across the grass or when it is 
heard croaking in the fxmd I We little 
realise tJic romance that is found m 
the liumblest creatures till we study 
their life-story. 


WHY WE so OFTEN SCREW UP OUR EYES 



We often screw up our eyes when looking at things, and there is more than one reason why we do so. If we are looking up at the 
sky, as these children are doing, or towards a bright light, we screw up our eyes so as to shut off some of the light from entering the 
iris. The iris itself closes a good deal as in the case of the cat seen on page 90, but even then if the light is very bright, too much of it 
may enter the eye, and we bring the lids together to shut out still more. Some children, and grown-up people who are short-sighted, 
close their eyes in order to see better. This has a slight effect in bending the rays of light as they enter the iris, causing them to focus 
better on the retina. People who habitually screw up the eyes when looking at things are almost certainly short-sighted, and should 
wear spectacles. In normal circumstances we should, of course, have no inclination to screw up the eyes 
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A MASTERPIECE OF ARCHITECTURE ERECTED BY THE MOORS 600 YEARS AGO 

In the beautifully decorated, airy, and sunny palace of the Alhambra, built by the sovereigns of the Moorish kingdom of Granada, Spain, in the 14th century, are the typical room 
arched windows shown above. Through the ornate window i.left) is seen the Captive's Tower, where one of the last Moorish kings kept his favourite Spanish slave. The anteroom to 

baths (right: has two deep recesses for couches and, above them, a gallery for singers. 

To face page 1385 




The little sea-horse, found from the Atlantic to Australia, is surely the strangest of all fish, for it looks more like a reptile or a mammal. 
Nevertheless, it is really a fish. It swims upright and has a flexible tail by which it clings to the stems of seaweed and coral. 
Sea-horses also link their tails together arm-in-arm fashion. The male has a pouch in which the eggs laid by the female are placed 
till they hatch out. This photograph was taken by X-rays. In the two lower fish the organs are showing. The two larger specimens 
above are partially dried, and show little but the bony framework, while the two top ones are completely dried specimens. There are 
about a score of species of sea-horse and some of these in Australian waters are remarkably like the seaweed among which they live 
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HOW THE HUMAN ENGINE IS KEPT WORKING 


A WELL- KNOWN doctof onco wrotc a 
book which he called The 
Human Engine,” and it is fx^r 
fectly true that our Iwdics and th<‘ 
Ixxlu^s of all animals may be compared 
with engines. The dictionary describes 
an (‘Tigine as a device consisting of 
s(‘veral parts which combine to produce 





When you buy food as these people are doin^ 
troiTi a self-service cafeteria, you are really buy- 
ing fuel. When you eat, you are supplying fuel 
to your body, which turns the food into the energy 
that enables you to work and play. It is very 
much the same thing as stoking coal under the 
boiler of a locomotive to turn water into the 
steam energy that drives the engine's wheels. 

a })articular cttecl or do certain work. 
It IS exactly the same wdth our bodies 

A.s we know', the human body consists 
of very many parts all beautifully put 
together in such a way that when tlu- 
(uigine IS set in motion it can do a great 
variety of work. Jt can turn a wheel, 
pull or push a cart, lift something up, 
throw an object to a distance, chop 
dow n a tree, or .saw' a plank in two ; but 
it can do what th<‘ metal engine or 
inaidnne can nevor do, it can think find 
plan. VN'hichever of these operations 
the body is set to do, it can only do it 
w'hen it is properly supplied, like the 
locomotive or marine engine, with fuel 
and water, and the.se when supplied to 
the animal engine are called food. 

Need for Food 

Whv do w(* have to take food so 
regularly ? Well, there arc two reasons, 
one is to give our bodies heat and 
energy so tliat they can work and the 
other IS to repaii the parts of the ImkIv 
which get w'orn out in the course of the 
regular working. 

It is in this latter way that an animal 
engine differs from an ordinary engine 
of metal. When that wears out 




so that parts need renewing, we have to 
make these parts and put them in from 
outside to replace the old ones. In the 
animal engine, how'ever, that is in our 
bodies and those of all other animal.s, 
the parts arc repaired by the engine 
itself as it goes on working. 

This is really very wonderful indeed 
A child is born very small, 
but directly it comes into 
the world it begins work- 
ing, that is. it moves its 
arms and logs and other 
parts of the IkxIv. and as 
it does so it uses up some 
of the tissue of which th<‘ 
body IS inad('. That must 
be constantly roncwved if 
the child is to live, and 
so immediately after it is 
born it has to be fed, and 
it has to go on feeding till 
the end of its days. If it 
were to stop taking food 
f<ir anv length of time, it 
would first of all cease 
w'orking, and then it would 
die. 1*00(1 includes water 
A child's body needs a 
great deal of food because, 
unlike that of a full-giown 
man or woman, it has not 
only to renew w hat is worn 
out through the woi king of 
the body, but it has con- 
stantly to add to the 
various parts so that they may get 
bigger and bigger till the child has 
beconu' a full-grow'n man or woman. 

Now there are two kinds of food 
which our bodie.s have to take if we 
are to grow* and do our work. C)ne 


kind consists of ffesh-like sub.stances» 
animal and vegetable, which arc known 
as proteins. They contain the chemical 
elements carbon, hydrogen, nitrogen, 
(jxygen, sulphur, and sometimes phos- 
phorus. these being the principal sub- 
stances of which our Ixidies arc com- 
posed. We can understand, therefore, 
iiow important it is that we should take 
suffi('ient of these proteins to provide 
new tissue for various parts of our lx)dy. 

Primary Food 

'I'he word protein comes from a Greek 
word meaning primary, and the name 
IS given bccau.se the proteins contain 
the primary substances of which all 
bodies are composed Inside the body 
they an* changed into protoplasm, a 
half-transimrent colourless substance 
w'hich is the ba.sisof animal and plant life. 

TVotcins are the only foods from 
which our bodies can take nitrogen, and 
without sufficient proteins we die. 

The other class of fcxid which we 
need consists of combustible substances 
known as carbo-hydrates and fats. The 
carlio hydrates are so called because 
they consist of the elements carlx>n, 
hydrogen and oxygen, and though they 
cannot be changed into ]>rotoplasni 
they can be oxidised or burned quite 
easily, and thus supply the energy we 
need. Starch and sugar are two forms 
of carbo-hydrates. 

The fats, which are also fuel f<K>ds, 
contain the same elements as the carbO' 
hydrates, but because they are more 
complex in their compo.sition they arc 
more difficult to digest. They arc of 
various kinds, as in butter, the fat of 
meat, the cream of milk, and the oil 



The more exercise you take, the more energy you use up, therelore the greater need ot iood 
to replenish the fuel supplies ot the body. The energy-giving foods are rich In fats and 
carbo-hydrates, some more so than others. The table in page 7x1 lists the chief energy 

and health-giving foods* 
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contained in seeds and kernels. They 
(ontain more carbon than carbo- 
hydrates, and in consequence give more 
heat and energy. For example, an 
ounce of beef fat or butter has 2J times 
the fuel value of an ounce of sugar or 
starch. They are more concentrated 
fuels than the car bo hydrates. 

But just as the railway engine needs 
coal to burn and i)rovide the heat, so 
it also needs large quantities of water, 
;ind our bodies are .similar in that 
respect, for they, too, need a constant 
supply of water. Mort* than half the 
material in our bodies consists of water, 
and though men ('an sonietimt's live 
for many (lays without other food, they 
cannot go very long without whaler. 

The water need not, of eourse, be 
taken as plain water from the tap. It 
IS the chief substame in milk, tea, 
coffee, and other b(na‘rages, and is also 
present in large ciiiantitics in fruits, 
vegetables, arul other solid foods, hut it 
is always good to drink pk^nty of water. 


Water is really a mineral food, and 
there are one or two other minerals 
which we n<jed to take into our bodies. 
The chief of the.se is common salt, and 
others are phosphates, chlorides, car- 
bonates of scKlium, }X>tassiuin and 
calcium, and soiru' of the salts of iron. 
They are prc.sent in small quantities 
in most of our foexis, and they help to 
supply tlic lx)dy with minute quantitkvs 
of (ioments like calcium, iron, potas- 
sium. and iodine, which are needc-d for 
h(\dth. WIkui a body is cremated the 
water evaporates, carbon and most of 
the othcT sub.stanc(\s an* burned up and 
disapjiear, but there arc* always a lew 
aslu's left and these arc the minerals 
in our bodies. 

'J'he foods which w^e eat pas.s insid<’ 
our body and are there acted upon l)>' 
the varujus juices aud arc burned up 
just as the coal is burned up in the rail 
way cngiiK' funuii e, and some of the 
heat i>ro(luced by the fuel, whether it 
be in fill' locomotiv'C, or our bodies, 


remains as heat wiiik^ anotlier part is 
changed into mechanical oiu'rgy. It 
is the energy set free by the burning of 
tlic organic substances in our body 
that gives the pow’^er to perform all the 
various actions we do, whether it be 
running, w^alking, sewing, dancing, or 
thinking. The h(‘at which remains 
lieat warms the blood and is carried to 
(dl parts of the body, maintaining them 
at almost the .same temperature, nam(‘ly 
<i8J degrees Fah. 'Die heated blood 
kei'ps the body warm ]ust as the hot- 
vvatcr pipes keep a hou.se warm. 

When we take vigorous exercise the 
rate of burning in the body is increased, 
and then by a wonderful arrangeimuit 
more blood i.s supplied to the skin and 
the extra heat th(*re increases j)crs})ira- 
tion. When a litjuid evaporates it 
takes up heat and so by this ingenious 
arrangement tlic persjnration carries 
oil the surplus ht^at and our bodies an^ 
tooled down to the correct tt^mperatiirc 
which is best for healtii 


FIERCE EAGLES THAT LIVE 


UPON MONKEYS 


W K know that tlic 
(* a g 1 e i.s 1 li 
fiercest of birds, 
and that even in (Ireat 
liritain the golden eagle 
will pn^y upon young 
lambs and carrj' thcTn 
t)ff from their niothers 
to the aerie, where tht\s’ 
provide a meal for the 
young eagk^s. Stories 
have even been told ol 
children being carried 
off by eagles, but these 
*ire only storie.s. An 
eagle is strong and 
jxiwerful, but it is prob- 
ably not strong enough 
to carry off a cliild. 

'fhere are, how^evcT, 
eagles which prey upon 
tnonk(*ys ; and on<^ 
species, known as the 
monkey-eating eagle, 
which ltv(\s in the for- 
ests of the JMiilippine 
Islands, is siiid to live 
almost entirely on the 
in a c a (1 u m o n k ey s 
which are found in the 
Philippines. This crea- 
ture has a large head, 
with a i>owerful beak 
not unlikes that of a 
cCK'.katoo. 'There is a 
crest <jf feathers on top 
of the head, and this 
gives the monkey-eating 
eagle a formidable ap- 
pearance when it is 
angry or attacks its 
prey. The claws also, 
like those of other 
eagles, are exceedingly 
.strong. 

This bird spends its 
time high up in the 
forest trees, and pounces 



This eagle is the terror of the air to the monkeys that live in the Philippine 
Islands, for it lives upon them, catching them with its terrible claws and 
rending them with its powerful beak. It it called the monkey-eating eagle 


down ujKMi the jKioi 
monkeys w'henevfT it 
needs food In districts 
inhal)it<‘d by human 
beings, how(‘vcr, th(‘ 
eagle is not .so particu- 
lar, and it finds it easier 
to sw'ixip dowMi on the 
farmer’s poultry yard 
and .seize one of his 
fow'ls or ducks. This it 
tak(^s off to its hom(’ in 
the trees and there eats 
its meal in comfort. 

'J'his monkey -coating 
eagle, however, is not 
the only one of its fam- 
ily wdiich finds monkeys 
a suitable meal. The 
liarpy eagle, which is 
tound in South and 
Fentral Anu'rica, also 
catches and eats mon- 
keys. though it does not 
confine itself to this 
fare so exclusively as 
does its relative of ttu? 
idiihppint^s. It .sits for 
hours almost without 
inov('in(Tit (.>n the top 
ol .suiiie dead tree giv- 
ing a loud cry every 
now and th<*n. ft will 
kill animals thr(‘t^ tim(\s 
its own si/(’, and mon- 
keys often fall a victim 
to its talons and beak. 

In the early morning 
it liie.s up in the air 
wheeling in circles 
round the forests, thus 
taking (‘xercisc and at 
the same tinn* l(X)king 
out with a k(‘en eye for 
likely prey. Pei'caries, 
sloths anJ turkeys also 
form welcome food for 
the harpy eagle. 
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A ROOM WITH 75 TONS OF AIR INSIDE IT 



Except when the wind blows strongly we never feel the pressure of the atmosphere^ yet, as we know from the fact that a jo-inch column 
of mercury is pressed up in the glass tube of the barometer, the air has a very definite weight. On every square inch of our bodi^he 
atmosphere is pressing with a weight equal to i47j)ounds, and 13 cubic feet of air weigh one pound. Perhaps the room we are sitting 
in is 10 feet high, 12 feet long and la feet wide. Tnen the air contained in it weighs about a hundredweight. Think of the weight « 
air in a bigger apartment, like Westminster Hall, shown in this photograph. The Hal! is 290 feet long, feet wide, and 1x0 
so that its volume is 2,169,200 cubic feet. The weight of the air inside it at any time is therefore about 75 tons. How incredible tius 
seems, and how still more staggering is the fact that the Earth’s atmosphere weighs at least 5,178 million million tons^that 1% 
nearly one x, 200, 000th of the Earth’s mass. Of course some gases Uke carbon-dioxide are still heavier. than air 
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THE SIREN THAT WARNS THE SHIP IN FOG 

Almost everything in the modern world is produced on a bigger scale than was possible in the olden times 
or even a hundr^ vears ago. This is as true of noise-making instruments as of other things and though 
it is often true that loud noises like motor horns in city streets or country roads are a pest, sometimes, as 
described here, piercing sounds are of untold value and do much good 


M any a good ship has been saved 
from the disaster of collision 
with another ship or from being 
driven upon a rock by the warning 
note of a siren or foghorn which sends 
out its piercing note far over the waves 
and rising high above the sound of the 
gale. 

This apparatus was invented by a 
French physician, Cagniard latour, in 
the early years of the nineleentli 
century, and he himself ga\'C to it the 
appropriate name of siren, because its 
voice is heard by tlu' mariner, just as 
were the voices of the sirens of classical 
legend. The difference, however, is 
that whereas the ancient .sirens lured 
seamen to their doom, the modern siren 
warns them of lurking dangtT and 
enables them to escape the peril. 

In principle the sirens of to-day are 
like the simpler device first made by its 
inventor, but. of course, they are so 


extraordinarily |)owerfuI as to make an 
early siren seem almost like a toy 
whistle. 

The sound-making device of the siren 
consists of a revolving disc or cylinder 
moving over anotlier and iKith puTced 
with a number of holes, which during; 
rotation periodically coincide so that 
the upper holes come over the lowei 
ones. 

Compri'ssed air or steam is blown 
witli great force through the holes when 
the lower ones coincide with the iijipcr 
ones, and this sets the air in rapid 
vibration. The result is a loud .ind 
shrill sound which is concentratinj and 
sent in the n'tjuired direction by nu aiis 
of a big liorn. as shown in the photo 
grnj>h on this page. 

'rhe moving parts of tfie siren or fog 
horn arc sometimes worktsl l»y an 
electric motor amd sfunetimes dri\'en 
by tlu’ steam or fcom[>rf‘ss<‘d air as i1 


passes through the holes. When the 
latter IS the case th<; holes are not 
pierceil at right angles to the surface ol 
the discs hut slantingly, so that the air 
or steam will givt* a thrust as it rushes 
through 

'rhen, again, the horn ( an be made to 
sound (‘it her by the ])ulling of a hand 
lever or l)y sonu,' automatic device 
which sends out the piendng note at 
regular int(*r\als. 

I'norinous improvements have been 
mad(‘ iiv the coTistruction of sirens 
(luring recent y(‘;irs, and some of the 
})oweriul foghorns erect(‘d to-day at 
lightnoiises round tiie coast can .send 
out a note th.^t in a favourabh.* atmo- 
.sphere will (‘arry for twenty inile.s or 
more, (.)! course, much dcijiends on the 
state of the atmos]>hen‘, but the w'oalher 
is geiuTally more or less ealm m foggy 
W(\'ither and therefore favourabl(‘ to the 
carrying of sound over long (lis1,inc(*s. 



The foghorns with the compressed ait cylinders that work them at the Cumhrae Ughthouse on tittle Cumbrae island in the Firth of 
C^e. These are the loudest foghorns in the world, and are used in connection with a talking apparatus and wireless for warning ships, 
as described on page 394, where the principle of the new style of lighthouse is explained 
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THE STRANGE BEHAVIOUR OF A LIGHT RAY 


W f*. sometinios read or hear about 
light I hat has b<'en polaris€‘d. 
VVhat exactly does this term 
mean and in what way does polarised 
liglit difiei from ordinarj^ light t* Further, 
what IS the practical use of po!arise<l light ? 

\V<‘11 we know that rays of light pass 
lliiough air or ordinary glass or water 
unchange<l, although, of course, the lays 
will bf* bent in passing from one of these 
substaruos into anothei, as shown on 
page 22 2 

There are certain substances, however, 
which have a curious effect on light wdien 
it passes tlirough them. One of these sub- 
stances IS Iceland s])at or crystal of calcite, 
and as we see on page 222 if a sheet of 
piinted pa]>er be viewed through it, the 
])nnt wall a]>iH'ar doubhsl. This is because 
.1 ray of light passing through tlie crystal 
IS split so that it takes two paths. 

In one ease tlie light passes through in 
the same way as it would through glass or 
water, and it does not matter in what 
position wc place the crystal over the 
print. This is ciiIUmI *' the ordinary ray." 
liut the other part o( th<^ split ray of light 
is called " the extraordinary ray," and 
this behaves quite diffeicntly. 

If we move the crystal round on top of 
the paper, we shall find that the second 
image of the print moves round the first 
image, whih* that first image, all through 
the movtiuent, lemains stationary- 
Wlicn we find tliose eunous results the 
light is said to be polarised 
Calcite or lecland spar is not the only 
substance that affects light rays in this 
way All crystals except those which form 
as cubes or belong to the cubic system do 
.HO, though in varying degrees ; animal sub- 
stancc‘S lik<‘ horn and .shells (jo the same, 
also .some vegetable substances like r(‘sins 
and gums ; and certain artificial sub- 
stances such a.s j(dlie.s and ariiuviled glass, 
or glass that has been toughemvi by being 
iieated and slowly cooled. 

Now why does a ray of liglit behave in 
such a eunous way wlnm pas.sing tliroiigli 
any of these substances ? It lias to do witli 
tile arrangement of tlie molecules in the 


substance. Suppose a flat fish like a plaice 
that swims in the water horizontally were 
to come lip against a net with mcslies that 
ran up and down. The fish would be 
stopped and unable to get tlirough the 
net unless it could turn on its side 

Well, light is something like that. The 
waves of light are at right angles to the 



How a light ray is split or polarised by a 
crystal of calcite so that an object seen 
through the crystal is doubled 


direction in which tliey are travelling, but 
this does not mattei when thiw .u(' tiavel- 
ling through substances like an and water 
Wfieii, howev(‘r, they are travelling tlirough 
a crystal ot calcite, and are split into 
ordinary and extraordiiiatv r.ays, the ex- 
traordinary lays pass as it wci<‘ tlirough 
the meshes of a net. the openings ot 
which are in the same dir<‘ction as tlui 
Wtives. Tf a second calcite crystal be 
now* placed in front ot the other, bnt 
at right angles to it, the extraordinary 
rays are stopped by it. 

Let us illustrate this by an experiment 
Tic a rope to a po,st and bedween the 
post and the end in our liand let there be 
a fence ot upright posts. Wfum we giv(‘ 


the rope a wavy motion up and down the 
waves pass from our hand through t,}ie 
fen<*e to the post. Now let us put a secomi 
row of upright posts between the first 
tence and the post to which the rope i.s 
tied. Still the waves given to the rope pass 
through. But if instead of upright fxisls in 
the second .set wc jilaee horizontal bars, the 
vraves w*ill after passing through the first 
fence be stojiped by the second one. 

It Ls like tlii.s with the polarised light. 
The extraordinary ray passed through the 
first cry.stal because the giatiiig of mole- 
culcH iLS It were is in the right direction 
for the waves, but in the second crystal 
which has been placed round the other 
way the grating is across the w*av<^s and so 
they ar<' stopped. 

This rurious property of polarised light 
IS of great use in testing certain .substances. 
For cxam))le, a sugar solution polanses 
light more or less aci ording to the amount 
of sugar in tlie solution, and so an instni- 
ment called a polarimeter or polariscope is 
used to sec bow near the sugar .solution is 
lo rrystal’isafion. 

The iTK'lhod oi making this test is quite 
.simple The crystal used for jiolari.sing 
the light is tourmaline. At one end of 
thi‘ instrument a plate ot tourmaline is 
arranged in a certain diri‘(*tion, and at 
the opposites end a plate is placed at right 
angles to the direction ot tlu? other. The 
first plate is railed a polariser, and the 
second an analyser. 

The substance to be examinc^I is placed 
between the two tourmaline plates. For 
liquid substances like the .sugar solution 
the polarimeter is in the form of a tube 
witli the crystals one at each end 

I'or the examination of solid substanco.s 
by means of polarised light the in.stni- 
rnent is two flat discs with the crystal 
plates in the centres, and the substance 
to be examined is placed between Ihesi* 

laglit can be polari.sed not (;nly by 
refraction luit also liy reflection, a (act 
that was discovered by a French s( icnlist 
while examining the light reflected irom 
the windows ol the I.uxenibourg l^ilace 
in Paris, with a piece of Iceland spar. 



The waves as the rope is shaken are able to pass unhindered through the upright posts 



The waves as the rope is shaken pass through the upright posts unhindered, but are stopped by the horizontal bars 
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WHAT THE EYE OF THE SUBMARINE IS LIKE 



In this picture diagram we see how the periscope of the submarine enables the officer in charge to see what is going on at the surface 
of the water and round about. The principle of the periscope is shown in simple form on page 1200, but we can see in this picture that 
the actual periscope of a submarine is much more elaborate. Its top is of small diameter^ so that it shall not be very visible. The 
disadvantage of this is obvious, for the picture obtained by it is very small. Further, in order that the officer may obtain a good view of 
what is going on at the surface, the rays of light have to be changed in direction more than once. The picture is caught by a prism at 
the top of the tube, and is reflected down through a number of lenses to another pirism at the bottom, by which it is directed at right angles 
through a kind of telescope. In this are additional magnifying lenses, and when the officer looks through the eyepiece he sees an 
enlarged picture. The periscope illustrated has been greatly simplified and the various parts have not been drawn to scale. 
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A LONELY SURVIVOR FROM A REMOTE AGE 





This great mass ol rock, which stands in the State of Oregon, U.S.A., is a strange survivor from a remote age. It consists of hard f^k 
which, when rain and river were at work eating away the Earth crust, in this part of the world was ahle to restst these disintegrating 
agents. The rock all round was softer and so succumbed to the erosion^ leaving this pillar like a huge peg^^top poised imn its point, 
tt is known as the Martha Washington Rock, and is a notable landmark lor many miles round. 01 course, In a case of this kind, alter 
the rocky pillar has been isolated by the action of water, the wind continues the erosion^ though more slowly 
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NDERS oF LAND & WATER 


HOW ROCK PILLARS ARE LEFT STANDING 

The Burtace of the E^rth 8 crust is everywhere changing its form, for it is being constantly sculptured by a variety 
of agents like sea. river, rain and wind. The form of the sculptured rock, as we read here, depends largely 
upon its nature and position, that is. whether it is hard or soft, stratified or igneous, horizontal or inclined 


S OME great rock tx>ulciers may be 
seen nicely balanced on a base, a 
position in which they have re- 
mained for ages. But they were not 
always there, for tliey have been carried 
to their present place by a river or 
glacier that flowed over the region in a 
past geologiail period and were left in 
their strange position with th(^ centie 
of gravity so nicely poised that nothing 
hut a big thrust would send them from 
their perch 

There are other rocks, however, 
standing like monuments which have 
always been in the place where they are 
now. Examples are given here and others 
will Ih' found In other parts of this lKK)k 


These have been left standing owing 
to the washing or wearing away of softer 
rocks that once surrounded them 
Sometimes the sculpturing has Ix^en 
clone by the sea, though the rex^k may. 
owing to anc ient upheavals, lum* 
standing far from the ocean. In other 
instances the denudation may bt‘ the 
work of river, rain and wind. 

HcK'k-weathering is always best 
studied in river ravines, along the sea 
coast or among the mountains, (ienc*!- 
ally the worn’ rodks do not stand as 
isolabxl monuments, because lhe\' are 
concealed nndc'r their own ruins, that 
is they In'eome more or less buried by 
the fragments broken off from their 


mass. In place ol the jxjqiendicular 
face of rex'-k there is a slope made up 
of the debi is that ha.s been worn off the 
bed-rock. 

The shaix' ol the weath<?red rexk 
depends, of courst', v<Ty largely utHm 
its nature. Each rock-type breaks up 
and weathcTs in its own* way, and the 
resnlling forms df?pend also u|X)n 
whether the strata were horizontal or 
by some uphi‘ava.l had Ix'on thrown 
into an inclined |X)sition. Stratihed 
nxks, like limestone and sandstone 
generally break up into angular forms, 
whereas basnlt wcsithers rapidly int<» 
rounded forms, likci the exurnple shown 
in th(' photogniph on this page. 
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Here ere tero remarkable denuded rocks, which are to be seen in America, the land above all others ol geological wonders. On the left 
la a balancad rock, which stands in the Garden of the Gods, in Colorado ; while on the right is a curious toadstool-like rock known as 
Coidea*s Monument^ which stands 300 feet above the gorge ol the Wilamette River near Portland, Oregon. It consists of basalt, and 
the toalca alter whom it is named was a md Indian chiel who, according to tradition, was killed at this place. 





In this photograph we see a remarkable natural phenomenon at Hammam-Meskoutine, in Algeria. Over a series of terraces of hard 
rock pours a great stream of hot water that wells up from boiling springs far below the ground. The water contains large quantities of 
sulphate of lime and common salt, and when the water evaporates the sulphate of lime is left in the form of gypsum, a white rock 



There is a strange sight to be seen on an island in the Salton Sea of Southern California. Geysers there are continually spouting thick 
liquids of varied colours from cream to brown, which have been used as an excellent substitute for paint. The exact nature of these 
Strange natural pigments is not known, although geologists have made investigations. Traces of helium gas have also been found 
at these geysers. The outlets of the geysers are weird*iooking hollows or basins three feet or more in diameter, and the paint*ltka 
mud is eondnually bubbling up as the steam escapes. The Salton Sea is an overflow from the Colorado River 
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HOW GEOLOGY MAKES THE LANDSCAPE 



The scenery of a country is largely made by its geology, as the pictures on this page show. Here we see how the strata of rocks 
deposited in water through the course of ages and hardened by the pressure on top have been folded or contorted in an upward direction 



The contortion or bending of the strata was caused by pressure at the sides as the Earth shrank in cooling. As time went by the wind 
and rain and rivers, and in some places the sea, wore away the upper rocks till the layer of strata became as shown here in section 



The landscape of a region where the rocks have been folded in an upward curve, as shown above, and then worn away indicates the 
geological character of this part of the Earth's crust. An arched or .upward curve of the strata is called by geologists an anticlinal fold 



When the curve of the strata, owing to pressure at the sides, la d^^inward, so as to form a trough instead of an arch, it is called a 
synclinal fold, and such we see nere. the wo^d synclinal msntif ‘Mnclined together," while anticlinal means “ oppositely inclined’* 



In this picture we see the previous strata in section after the weathering has gone on for ages, and rivers, rain and wind have worn 
away much of the upper rock. Rivers are, of course, great sculptors of the landscape, as we see in the Colorado Canyon on page 930 



This picture shows the kind of landscape we get where the geological formation is a synclinal fold. Both forms of landscape are seen 
in scores of places in Great Britain and other countries Contorted strata over a large area show both anticlinal and synclinal folds 
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HOW RAINFALL & SNOWFALL ARE MEASURED 


R ain is one of the most im}K>rtaiit ot 
weather phenomena, and great care 
is taken in making ineastirements 
of the rainfall at different places. All 
t)ver the country in thousands of places 
the rainfall is measured by means of an 
instrument known as a rain-gauge. Some- 
times the rain-gauge is place<l in the middle 
of a field or lawn, but in towns it is usuallv 
kept on the roof like the one 
shown in the photograph 
The riiin-gauge has various 
forms, but they are all the 
same in essence. There is a 
vessel for catching the rain as 
it falls and a measuring ro<l 
for determining its depth. 

Such instruments for meas- 
uring the ramlall liave been in 
use for at least 300 years. 

Catching the Drops 

It is important that the 
rain when it lias fallen should 
not lie able to evapoiati*, and 
gefierally the ioce])tacl<‘ tor 
holding the min is in the form 
of a bottle, and has a funnel 
whirli catches the. drop.s and 
enables them to run into the 
bottle, llic narrow neck of the 
bottle preventing evapruation 
Generally the bottle aiul 
funnel are stood in a gal- 
vanised iron cylinder .Some- 
tiines the cylinder is ol copiier, 
as is als») the funnel, While 
the top of the lutmel i.s fivif 
or si.\ inches in diameter, the 
opening allowing the water to 
flow into the bottle or other 
rece))ta(;le is narrow. 

At the top of the funnel 
tlicre is a \erlical rim about 
six inches in deptli, the inner 
surface of which fits over the metal 
cylinder. Its object is to prevent splash- 
ing as the raindrops fall. It is im- 
portant that the mouth of the (utmel 
should not be, dented, otherwise it will 
not collect the full ainonnt of rain. 


Generally the amount of water in the 
gauge is measured by means of a measuring 
rod, though sometimes the water is poured 
out into a measuring glass with fractions 
of an inch or metre marked upon it. 

There are more elaborate rain-gauges 
which automatically record the amount 
of rainfall on a chart, indicating the 
duration as well as the amount of rainfall 


A rain-gauge on a roof in the City of London 

during a given period. How these gauges 
work can be seen in the explanatory 
pictures on page 548. 

For mountain regions where a good deal 
of rain falls but the gauge can be visited 
only at rare intervals, there is a slightly 


different form of apparatus, with a. funnel 
and vessel much deeper than usual. 

The . situation of the rain-gauge is very 
important. The best position is said to 
be an exposed site in tne open from three 
to six feet above the ground. This, how- 
ever, i$ often diflficult to get in towns. 
Rain-gauges should be a considerable 
distance from trees, buildings or other 
obstructions that might cause 
eddies of wind, as such eddies 
affect the total amount of fall 
considerably. The higher up 
a rain gauge is the greater 
generally is the speed of the 
wind, and hence the loss of 
rain is also greater. 

In the case of snowfall, two 
measurements are taken. One 
is the actual depth of snow as 
ilelermined by a measuring 
rod, in places where there has 
been no drifting. Usually 
throe or four places are meas- 
ured and the average taken. 
The other is to melt down the 
snow collecte<i in a rain gauge, 
from which the funnel and 
inner cylinder or bottle have 
lieen removed, and then to 
measure the depth of water. 

Taking a Sample 

Sometimes where a strong 
wind ha.s been blowing and it 
is thought that too much .snow 
has be<'n blown into »lu* ram- 
gauge, another methfHl is 
used. A sample is taken by 
inverting the can and pre sing 
it down in the snow in some 
})lacc where there has been 
no drifting, A piece ol tin 
is then paWd under the can, 
which IS lifted with the s*no>\ 
in it. This is then melted down. 

The miinber of inches of snowfall cor- 
responding to an inch of water \arics 
between six and thirty inches ot snow 
for one inch of water. It depends upon 
the lightness of the snow. 



THE FOG BOW AND HOW IT IS CAUSED 


S OMICTIMhS. whC'Il 
there i.s a 
light fog and 
the Sun CiUi be 
.seen shining 
tlirough it, we see 
opfiosite the Sun a. 
whiti.sh rainbow, 
to which the name 
of fog l)ow *' is 
given. It is usually 
reddish on its 
outer margin and 
has a blue tinge 
on the inner mar- 
gin. The middle 
part of the bow, 
however, is quite 
white. 

Tlic fog bow^ is 
produced in ex- 
actly the same way 
as the ordinary 
rainbow, in which 
we sec the colours 
of the spectrum. 



The strange kind of rainbow seen in a light fpg and known as a ** fog bow.” The upper 
or outer margin is a faint red, while the inner margin is bluiikt 


'J'hat is explained 
on page 20. The 
reason for the 
difference in the 
two kinds of bow 
is that when we 
sec a fog bow the 
drops of water in 
the atmosphere, 
which refract and 
reflect the SuiTs 
rays, are so very 
small that the 
colours become 
mixed before they 
reach our eyes, and 
.so unite once more 
to produce white 
light. 

It would take at 
least a thousand of 
these drops of 
moisture, placed 
sSide by sjod, to 
measure an in^so 
small are they* 



When the sea corers the beach^ as it does at high tide, the movement of the waves causes ripples in the wet sand below« and then when 
the sea recedes, as at low tide, the sand is exposed with the ripple marks covering its surface. In this photograph we have a striking 
example of these sand ripples caused by the sea waves at Whitby in Yoiicshire. It is interesting to compare these with the sand ripples 
iarniid by the wind blowing over the desert shown on page 508. Sand ripples are also caused in the beds of rivers and streams. 
Of course, the ripple marks we see on the beach are of only temporary duration] When the tide comes in once more the old ripple marks 
are obliterated and fresh ones made* In certain circumstances, however, the marks can be preserved. Sometimes when sandstone is split 
open we find the marks made in the sand by the sea millions of years ago, preserved by some inrush which buried them under other sand 
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The two photographs on this page of the same place taken from the same position look very different from one another. That is because 
the upper photograph was taken at high tide and the lower one at low tide. The scene is near Halifax^ Nova Scotia, where the difference 
between high and low tide is over ten feet. The tides occur twice every twenty-four hours, that is the margin of the sea is constantly 
changing its level, yet we reckon heights from sea-level. What exactly do we mean by this, seeing that there is no constant sea-level 



When we speak of sea-level we do not mean the level of high tide, shown in the upper photograph, nor that of low tide, shown here. 
The sea-level from which heights are reckoned is the niean level between high-water mark and low-water mark. The Ordnance 
Survey of Great Britain has fixed the sea-level, or " datum-line,*' as it is called, as the mean tide-level at Liverpool. Some place must be 
decide upon because sea- levels vary at different spots. “ Trinity High-Water Mark ** is the level of high water at London Bridge 
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Romance oF British History 


BRITAIN SHOWS THE BETTER WAY 

The world was once given a splendid object lesson to prove that there is a better way than war ol settling 
disputes between nations. Great Britain and ihe United States, on one occasion in the nineteenth century, 
when there was a hot controversy between them in which their rights and honour were concerned, agreed 
as told here to submit the quei»iion to arbitration and to abide loyally by the decision 


W AR is almost always a loolisli 
business. UndtT modern con- 
ditions ol civilisation neither 
sjd(‘ c an gain by war aiiylhing that is 
of rCfTl value. This had been main- 
tained by writers for snmt* time, but 
the events that Imve followt'd the 
Great War have proved it beyond the 
shadow of a doubt. 

It very nation that took part in that 
War is worse? off to-day. X'ictors and 
vanquished alike are siiltering. and (*ven 
the neutral nations which difl not take 
part in the War are also paying the 
penalty that war imposes, 

With war waged on the grand scale 
with high explosives and all kiiuls of 
ingenious devices for destroying life 
and projKjrty, the dumagt? is appalling. 
Millions of valuable lives arc ended, 
and still more millions of human beings 
permanently crippk'd, while in the 
cours<* of a few Inuirs a whole town oi 
a chain of villages can lx? wip<?d out, 
so that the di.strict where they flourished 
is no longer recognisable. All this goes 
on during a war, and then when the 
poJice comes, both those who won and 
those whf) lost have to pay the cnor- 
mcuis co.st. 

That there is an infinitely better 
way was proved conclusively by Great 
Britain and the United States towards 
the end of the nineteenth century. 
There was a matter of dispute between 
the two nations, and feeling ran high 
in lx)th cfumtnes. It would have been 
easy for hotheads to have led the two 
peoples into a long and bitter war, as 


the result of which both would have 
been worse off and no satisfaction 
gained. 

Instead, tlie British and Ameruan 
peojiles decided to act like civili.s(‘d 
human Ixungs, and to have their dis 
pute decided upon by an impartial 
tribunal. In other words, the nations 
acted as sensible individuals act. They 
took their case to Court, and agreed 
that when the decision was given thev 
would abide by it loyally 

A Beacon lor Peace 

This remarkable gesture^, which 
showed the whole vvorld the hettei 
way to S(‘ttle international di.spntt‘s, is 
not given the place in histoiy hooks 
which it should have All boys and girls, 
and grown up people, too, should know 
the story of the Alabama, which may 
well be regarded as a beacon on the 
path to Peace. 

When the Civil War broke out in 
Am(;rica, the Sdu^hem States, which 
wanted to break siway from the North 
and form a i«i>arate independent 
country, had little|shipping or ove^rsoas 
commerce, but tpe Northern States 
had many merchatt ships on the .seas. 

The Southerrti ci Cx>mederatc Slates, 
as they were decided that it 

would be a fineiimng for their cause if 
they could fit Q^tfa number of vessels 
as warships, |>*'ey upon the com- 
merce of the Nprth, But where were 
they to get the il hips and the guns and 
aiumunitioii required ? 

They decided to order the ships 


from luigli.sh shipyards, and (pute a 
numlxT of vess('ls were built for this 
purpose. Of course, when th(‘ ordc?rs 
were given and the ships were being 
built, it w»is not definitelv stall'd that 
thev wen* intended to pin'v upon the 
('oimnerve (»f the Northern Stat(*s r»l 
AiiK'rica But it was pretty generally 
known, and when the American Minister 
in melon learnt about these ships he 
urged upon tht* Ih'itish (iovernment 
that it w^is their business, a.s ministers 
of a po\v(*r f)rol(‘Ssing to be lumtral, to 
slop them leaving pvirt. 

The most destructive ot all these 
v(*ss(‘ls which ploughed the sea in 
quest ot plundi-T wa.s the Alabama. 
She was a small vessel of <)oo Ions and 
only 230 k‘et long. She was built at 
Livf^rpool by a firm whoS(' senior 
partner was a MemlxT oi Parliament. 

Apparently no particular secret was 
made about the fact that the ship was 
intended for the Ginfederate Service, 
and IMr. Dudley, the American Consul 
at Liverpool, made urgent representa- 
tions against the fitting out of the 
vessel. 

He laid the fact.s before the American 
Minister in Gmdon, Charles Francis 
Adams, who called upon the British 
Government to stop the eruiscr from 
entering the st'rviie of the Southern 
Stales. The (Government, however, 
declared that it would listen to no 
(:om])laints from the officials of the 
Unitt?d Stales which did not furnish 
technical evidence for prosecution under 
the Foreign Fnlistment Act. 



The sinking of the Confederate cruiser Alabama by the Keanage. The sunrivors of the Alabama are being rescued by an English yachPs crew 
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Mr. Dudley then S(>t about finding 
tluj nocossar>'^ evidence, and tm July 
'ifst. he sent a mciss of docnmcnits 
to the Board of Customs in London, 
and urged that the vessel, which was 
then knt)wn by the number 290, should 
lx; instantly seized. He further asked 
that the authority to do this should be 
sent to Iaveq>oof by telegraph, as the 
ship was now all ready to put out to 
sea and might e.scape at any hour. 

Unft)rtunately, one of the British 
tifiicials in London most concerned was 
ill, and so there was a delay of eight 
days before the matter was considered. 
During that time the ” 2()o ” escaped 
fn)ni the Mers(‘y, and after st<‘aming 
alK)ut the north coast of Ireland for a 
day or two, proceeded to the Azures, 
where it was joined by another ship 
from London, the Agrippina, which 
had on board six guns, some hundreds 
of tons of coal, and large stores of 
ammunition and provisions. 

These were intended for the Alabama, 
and were rapidly transferred to tliat 
ship. Two dciys later another British 
vessel arrived, bringing Raphael 
Semnies. who was to be the com- 
mander of the newly-built cruiser 
Alabama, together with a number of 
other officers. 

T h c r e had cer- 
t a i 11 1 y b<;<m very 
little concealment 
during the building 
of the Alabama, and 
now on August 2/fth, 
all pretence was 
swept away and the 
*’ 290" unfurled the 
C o n f e d 0 r a t e flag, 
took the name of 
Alabama, and 
.started off on a tour 
t)f the ocean to prey 
upon the United 
States' commerce. 

It was one of the 
most wonderful 
voyages in naval 
warfare. 

The Alabama 
started by do.stroy- 
ing all American 
merchantmen in the 
eastern Atlantic, and 
then made a grand 
sweep across the 
ocean to within 
200 miles of New 
York. Then she 
turned south to 
the West Indies, 
and by November 
had captured no 
fewer than 27 Federal vessels. 

She had several narrow escapes from 
capture. While she Wiis anchored at 
the island of Martinique, for example, 
the Unitwl States' warship, San Jacinto, 
suddenly appe<ired on the scene and 
nearly caught her, but she managed to 
get away. 

She continued cruising about the 
West Indies, and ship after ship was 
captured or sunk by her. Then in the 
early spring of 1863 she swept down 


south as far as Bahia in Brazil, and 
turning eastward, went across to South 
Africa and later to the Bay of Bengal, 
making a prize of every American ship 
that came in sight. 

For a year she proved a devastating 
.scourge to American shipping in those 
waters, and in the spring of 1864 she 
sailed back past the Cape of G >od Hoi>e, 
capturing Federal vessels, and in July 
entered the harlx)xif of Cherbourg in 
France. 

A Challenge to Battle 

It so happened tliat the Federal war- 
ship, Kearsage, was anchored some 
little distance off Cherbourg, and Cap- 
tain Semmes. who could easily have 
escaped, but wanted to show that he 
was a real warrior and no pirate, 
challenged the commander of the 
Kearsage to battle. 

The two vessels were nearly equal in 
size, and the Kearsage carried seven 
guns while the Alabama had eight, all 
of about the same calibre. There was 
thus apparently a slight adviintage on 
the side of the Alabama, and no doubt 
Captain Semmes realised this and 
thought it w’ould give him the victory. 
But Captain Winslow of the Kearsage 
readily accepted the challenge, and 


the two ships steamed out to neutral 
water seven miles from the French 
coast and then a great fight began. 

The Alabama fired first, sending two 
or three broadsides at the Kearsage, 
which was about 1,200 yards away. 
Little damage was done, and the two 
ship.s then circled round one another, 
gradually coming nearer and nearer 
till they were only 900 jrards apart. 

They fired with astonishing rapidity, 
sending broadside after broadside into 


each other, while thousands of people 
gathered on the shore watched the 
thrilling fight with bated breath. 

While many shots missed, others did 
great damage, and one shot from th6 
Kearsage which struck the coal bunkers 
of the Alabama exploded and killed or 
wounded 18 men. 

For an hour the fierce fight went on, 
and then the Alabama ceasiki firing and 
made for harbour. The Keofsage 
promptly steamed across her bow, and 
was about to open a murderous fire 
upon her at close range, when she 
struck her colours and surrendered. 

The Alabama was now sinking. Cap- 
tain Semmes in his official report to the 
Confederate Naval Agent in Euroixj, 
says; “ Although we were now but 40c^ 
yards from each other the enemy fired 
upon me five times after my colours 
had iKren struck, dangerously wounding 
several of my men. It is charitable to 
siipjxise that a ship of war of a Christian 
nation could not have done this in ten* 
tionally. 

We now turned all our exertions 
towards the wounded and such of the 
boys as were unable to swim. These 
were desj)atched in my quarter boats, 
the only l)oat.s remaining to me, the 
waist boats having been torn to pieces, 
"Some tw^enty 
minutes after iny 
furnace fires had 
been extinguished 
and the ship lx;ing 
on the pomt of sett- 
ling, cvciy man, in 
olxjdiencc to a pie- 
vious order which 
had Ix'cn given to 
the crew, jumped 
overboard and en- 
deavoured to sav(‘ 
him.st*lf. 

" There wa.s no 
appearance of any 
boat coming to me 
from the enemy until 
after the ship went 
down. Fortunately, 
however, the steam- 
yacht Deerhound, 
owned by a gentle- 
man of I-ancashire, 
Mr. John Lancaster, 
who was himself on 
board, stcaified up in 
the midst of my 
drowning men and 
rescued a number of 
lx)th officers and men 
from the water. I 
was fortunate enough 
myself thus to esca]^ 
to the shelter of the neutral flag, to- 
gether wit!) alK)ut forty others all told. 
Alxiiit this time the Kearsage sent one^ 
and then tardily another boat." . 

Captain Semmes appears to have 
been mistaken alxiut the apparent un- 
willingness of the Kearsage. to hast^ 
to the rescue of its foe.s. It would seem 
that Capbiin Winslow had himself asked 
the owner of the Deerhound to assist iti 
the rescue, and he had sent his own 
boats as soon as he realised the need. 



1400 



ROMANCE OF BRITISH HISTORY 


The original escape of the Alabama 
from England was unfortunate, and 
now another unfortunate incident 
occurred. The United States com- 
mander considered that, by every rule 
of warfare, the survivors of the Alabama 
were his prisoners, and in this claim he 
was supported by his govemnumt. It 
was con.sidercd unfair that the Deet- 
hound should steam off with Captain 
Semraes and those of his fellow olticers 
and men who had been rescued, ami 
give them their liberty after they had 
struck their flag and surrendered to the 
Kearsa^e. 

The American Minister in London, 
who had endeavoured to stop the 
Alabama from getting away, i on- 
tinned protesting throughout her career 
on the High Seas, and further pro- 
tested against the saving of the ofl'u'crs 
from capture. But the British Govern- 
ment denied all liability. 


Mr. Charles Sumner, made a sjx*ech 
in the American Senate, in which he 
claimed not only 5/3,000,000 for the 
capture and burning of American 
vessels, but a turther /. 22 ,<k>o,ooo for 
loss to the American carrying trade, 

He did not even stop there, but 
declared that as the prolongation of 
the war was traceable directly to 
England and that the war must have 
been doubled in duration thereby, he 
suggested that the British Ciovern 
nient should be called upon to pay a 
large part of the expenses ol the war. 
It was suggested that at least a thousand 
million dollars, or / 200, ooo,oo(^, should 
he demanded. 

Ol course, such claims were as 
extravagant an<l raliculous on the one 
side as the declaration of some English 
statesmen that there was notliing 
at all to discuss, and that America IukI 


there is reasonable ground to believe 
is intend(‘d to carry on w'ar against a 
power with which the government 
in question is at peace. 

I'he American government als(j 
maintaiiuid that no laaitral power 
should allow either of the parties 
at war to make use ol its ports 
or w’atcrs as a base lor naval operations 
against live other, ot to renew its 
supplies of men or armaments 

Great Britain, on th<* othci hand, 
denied in the Treaty that these rules 
w'crc a triii^ statement ot th(‘ principles 
ol international law as that law stiKxl 
during the American Civil War. It 
agreed, however, to abide by those 
principles in future, and also consented 
to the Alabama Claims being decidefl 
in accordance with them. 

Th(' Tribunal held its first mecTiiiLi 
at Geneva on Heccmlwi i^lh, 1871. 

under the FTesidency ol tin* 


" Her Majesty' ’s CVovern- 
mcnt,'‘ said LokI Bussell, the' 

Foreign Minister, “ must de- 
cline either to make repara- 
tion or comfiensation for the 
capt tin's made by th<' Alabama 
or to roler th(? (Question to any 
foreign state " 

The dispute caused a good 
deal ui ill-feeling, wdnrh can 
be easilv understood. The 
Amenc an Goveriiinent, which 
consisted chiefly ol the 
triumph ant North, w’crr 
natniMlly <innoycd when thev 
n’TncmiM'rcd tlial in the early 
.stagi's oi the w'ai England ! 
seemed to favour the Southern 
or ('.onlederatt' States. 

Two Points of View 

They believed that thi.s 
sympathy had had something 
to do with prolonging the war. 

They eouhl not believe that 
the British (roveinmcnt had 
not delilieratelv allowed the 
Coriledeiate cruisers to be 
fitteil out m England and get 
away on their plundering raids 
so as to harass the North. 

i)ii tlie t>ther hand, the 4.t-p 

British Government, at the 
wriod when the American 
Civil W'ar broke out, had not 
got t)ver the habit of r(*gHnling the 
United States as an up.start nation ot 
little importance, and it was inclined 
to treat with scant c<aistderation any 
protests from that nation about the 
action of British subjects. 

It was the sort of dispub; which has 
many a time in history brought about 
a destructive war, and it might easily 
ha\'«‘ done so in this case. But 
fortunately calm enuiuils prevaiUsl 
At the imslance of England a joint 
High C'ommission was appointed to 
sit in Washington, and discuss .somt; 
method of arriving at a fieaceful 
settlement ot what came to be known 
as the Alabama Clann.s 

All American statesmen were not 
acrec»d as to what the amount of these 
claims should be. One statesman. 




V 


decision was ghreti Sir Alexander Cockburn took his 
and left the room without any proper farewell 


no re*il gnevande worth considering. 

Wiser iiieii on both sides, however, 
instead of talking about fighting or 
re.sistance, met in Washington and ‘ 
diseus.sed tlu* matter. As a result a 
Treaty of Washington was signed and 
proHaiined on (uly .|th. 1871, by which 
both goveniiiK-nts agreed to refer 
their disjmte to a Tribunal of .Arbitrci- 
lion, consisting of one arbitrator trom 
b'ligland, one from the United States, 
and one each appointed by the govern 
tnenls of Italy, Switzerland and Biazil. 

This Tribunal met at Geneva later 
in the year. In the Treaty the Ihiited 
State (ioverntnent maintained that 
during a war a neutral government is 
compelled to be diligent in preventing 
the fitting out. arming, or equipping 
within its territory, of any vessel which 


Italian representative, and it 
adjoiirned till the lollowme 
June, liieji when it ini't 
again it decided that Great 
Britain was actually respons 
ible for lli(‘ damage doiUT by 
the Alabama, and on Septem- 
hei 1 \ ol the s.ime year it 
decided by a majority ol loui 
to one tliat (»r(‘at Britain 
should pay ,lo the United 
Slate.s -as an indemnitv foi 
the damagi- done 13,500,000 
dollars in gold, ecjual at that 
time to (3,230,000 


A Graceless Action 

ll was |»ei lMj)s unlortuiiati’ 
that I lie member forming the 
minority ag.nnst this de- 
cision, who was Hie ILitisli 
represi'iitative, Sii Alexandei 
('oekburn. rt'lused to sign Ihr 
Awsiid and (ui its aimouiK'i' 
mt’iit took his hat and left 
the loom without any jiroper 
farew'cil. But the Itnlish 
Government actepled the 
Aw'ard and paid lh(^ amount 
So ended the A n/buma disc 
which had stirn-d tlie world, 
roused bitter fc'elings in two 
00k ius and hrought ICrigland 

and Hie United .Stales, if not 
within reach of war, at any 
rate to a slate (»t great hostility. 

There w'as much to regret in tlie 
Alabama case, but we must rememlHii 
that it provided a nuignifieent object 
Icssfin l<i tile world ot how, when 
feeling is riiimiiig high and hotheads 
are urging reprisals, two great nations 
can discuss the <lispute calmly and 
fairly and settle it without bloodshed 
entirely by arbitration. 

'riu‘ Alabama Claims cost Cireal 
Britain aVnhil three and a quartet 
million pounds, but what would have 
been the cost in lives and monev 
if the two eouiitru s had gone to w-ai 
instead ol .settling their dilierences by 
arbitration ? If only the dispute l»e- 
tween Austria and Serbia which led to 
the Great War could have been settled, 
in the same civilised tiishion ! 
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KEEPING A 5-TON MIRROR CLEAN AND BRIGHT 



For tht silvering process a bend is drawn tightly round the mirror, which is mounted so that it can be slightly rocked. The old sltver 
is then removed with acid and the glass given a thorough cleaning with cotton swabs. The silver solution is then poured on and kept 
in motion fora time, the mnt solution afterwards being poured oil. The thickness of the silver deposit is only ioo,oooth of an iacli* 
The mirror is neat washed again and dried with chamois leather skins. Then a bi^ chamois leather pad, three fedt in diameter, and 
revolved by an electric motor, burnishes the mirror with a circular motion. The resilvering takes tprelve men one day to conq^pte 

igoe 






►F THE Sky 


SPOTS THAT APPEAR ON THE PLANETS 

Most people think that the appearance of a spot on a planet which disappears after a few months or a few years, 
though it may be of interest, is of little importance. But it is by means of these spots that astronomers are able 
to learn a great deal about the character of the planet itself. Here we read something about spots that have 
' appeared on some of the (Janets from time to time 


I N August, 1933, a curious white; spot 
was discovered on the planet 
Saturn by an amateur astronomer 
who was watching this world through 
his telescope in London. 

Afterwards the spot was 
seen by many professional 
astronomers, but it was a 
great credit to the amateur 
astronomer, Will Hay, who 
was by profession a 
comedian, that he was the 
first man to notice it. 

The spots that appear on 
the planets from time to 
time are of great impor- 
tance, for they help our 
knowledge of other worlds 
ill two way.s. First of all 
by watching them we are 
able to see whether they 
are permanent markings 
attached to the body of 
the planet, or whether they 
arc merely temporary 
phenomena. This kind of ob- 
servation enables us to learn 
something about the condi- 
tion of the planet itself. I 
In the second place, by 
watching the spot as it 
moves across the planet's 
face and, after travelling 
round the other side, returns 
to the visible side again as 
viewed from the Earth, we 
arc able to know with fair The great : 
accuracy how long thf* The spot y 
planet takes to turn round 
on its axis. 

The most notable 
spot that has ever 
apfH‘arcd on a planet 
was the great red sjx)! 
of Jupiter, which be- 
came prominent on that 
planet in 1878, and was 
very conspicuous for 
several years, and then 
gradually faded till 
it became almost 
invisible. 

The spot changed in 
size from time to time, 
and its position varied 
on the planet. At its 
largest it was 30,000 
miles long by about ^ _ . . 

7.000 mUM wide. No ^ 
satisfactory explana- 
tion of it been given, 

although some astronomers suppose 
tl^t it was the result of the suifaoe 
of th«t, planet being rent asunder by a 


kind of volcanic erui>tion. so that a 
vast area was floodtS^ with fiery masses 
which sent up hot currents, separating 
the cloud belt .surrounding Jupiter. 



red spot remained quite plainly visible 
for a quarter of a century 

Saturn's appearance is very much 
like that of Jupiter, aivl it is almost 
(‘ertain that we see <nil>‘ 
its atmosphere, and not its 
actual surface. The si)ot 
on Saturn may have been 
due to some similar sort ol 
outburst on that planet’s 
surface. 

We know the great red 
sf)ot on Jupiter was not 
permanently attacfied to 
the body ot the planet, for 
during the first six or seven 
years of its afipearance it 
lengthened its rotation 
ficricK! by about six seconds, 
that is, It did not go round 
and come back to the same 

g )sition relative to the 
arth in exactly tbt; .same 
(>eriod every year. Then* 
was a flight difference. 

There are no permanent 
markings found on either 
Jupiter or Saturn. The 
great cloud belts on Jupiter 
move very rapidly and go 
through many transforma- 
tions. 

yuite different are tlu‘ 
white spots that apivai 
from time to time in th(* 


The great red spot on Jupiter^. Hi i£;&ppeared during its greatest extent. 
The spot varied in size, but |it one time 30,000 miles long and 
at leazf miles wide 



the plenet Saturn, showing the white spot that was discovered on its surface 
by Will Kay in August^ X933 


The redness of the s^t wak supposed 
by these authorities to be the fiery 
glow showing through the mists. The 


nr>lar region.s of flic planet 
C3t extent. Mars. These* wax an<1 wane 
long and with the seasons disapjxiar 
ing in lh«; .summei of the 
planet, and reaching 
their greatest extent 
till ring it.s winter 
Astronomers arc agreed 
that the.se white spots 
at the |K)les indicate 
the jiresence ol snow, 
or j'Kissibly frozen cai- 
Ixm-diuxide, just as 
the l^ai*th’s fkiles would 
present white sjxits to 
a distant ohserv^er, in 
creasing in winter and 
rbecreasing in summer. 

On Mercury per- 
manent markings have 
beei> noted, and on 
^yenus dark shadings 
. . - which some have 

m its surface thought might be con- 
tinents and oceans. 
But as they remain 
permanent during the different phases 
of Venus, they are more likely to be 
atmospheric eHects. 
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CLOSE-UP VIEWS OF LUNAR LANDSCAPES 



Th« surface of that side of the Moon which faces us is better known than some parts of the Earth, for by means of the big telescopes 
and the camera we can get photographs that give exact representations of the landscape, and by means of the shadows we can measure 
to within a few feet the height of the mountains and crater walls. Here is a lunar landscape showing in the bottom right-hand corner 
the great walled plain of Albategnius. It is 65 miles in diameter, and on one side a peak towers to a height of 15,000 feet. On the 
left of the photograph we sec a great cleft running for many miles across the Moon’s surface 



Here is another lunar landscape showing the Apennine Mountains on the right and the Alps on the left, with a great Alpine valley 
like a straight cut. The big crater at the bottom is Archimedes, and the two above it, Aristillus on the left and Autolycus on the right. 
Further to the left is Cassini, and above it the Caucasus Mountains. The flat surface in the lower part of the photograph is the Sea of 
Rains, and that at the top is the Sea of Serenity. The photographs are reproduced by courtesy of the Royal Astronomical Society 
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WHAT WE MEAN BY SPECIFIC GRAVITY 


Some substances are light and others heavy, this depending upon the amount ol matter in a given volume. In 
comparing substances we speak of their specific gravity, which means their weight compared with the weight 
of an equal bulk of some other matter. The standard for deciding the specific gravity of solids and liquids 
is distilled water at 62 degrees Fahrenheit. The specific gravity of water is called 1 , and a .substance of 
which an equal volume would be twice as heavy is said to have a specific gravity of 2 


T hekk is in the Old Testament a 
story of a man who was choiipiiig 
wood when suddenly th<" axe- 
head flew off the handle and fell into 
the River Jordan. He was very upset, 
for the axe had been l)orrowed. 

According to the old story the 
I^ophet I^disha wlio was standing by 
caused tlic iron to swim so that the 
man <'ould recover it, J'ecu her.s, of 
course, refer to this as ti miracle, 
and we can quite understand their 
doing so, for we kiu)w that a solid 
mass of iron, if it falls into water, 
always sinks to five bottom. 

If we wHire asked for an explana- 
t ion of that fact w’e s luj u 1 d 
probably say that objects heavier 
than water sink, while those lightei 
than water float. But that is not an 
explanation, nor is it a complete state 
ment of the truth. What we really 
moan is that an object vvhi< h is heavKM 
than an ecjual volume of water sinks, 
while one that is lighter than an t‘(}Utd 
volume of wat(T floats 

A nail, for ins tame, dropped into a 
basin of water sinks to tht‘ bottom, but 
a cork dropped into water floats on tlu' 
top with otdy [lart of ds substance 
immersed, liven if with our haml w(' 
prc.ss the cork to the bottom ol the 
basin, as soon as w^e removi* our hand 
the cork will float up again. 

Differences in Density 

The reason that dilhuent substances 
behave thus differently m water is that 
their densities are <liflerenl ; that is. 
the amount of matbu* m a given voluim* 
vari(.*s with the different substances, 
A cubic inch ol lead, lor examjile, is 
exactly the .same size as a cubic inch ol 
cork, but it contains ii great deal more 
material and so wx* say it is denser. 

In comparing the diflereiil substances 
we assume, of course, that the con 
ditions are the same, as, lor exauqile, 
the temfrerature, 

A few examples will show us how \'er\ 
much the densilit*s of tlillerent sub 
stances vary. A cubic foot oi water 
at 4 degrees (Tmtigrade weighs 02*.| 
jxujiids or, in other wonls, the nia.ss of 
a cubic f<X)t of water is 02-.| pounds. 
But a cubic foot of copper weighs 555 
pounds ; of silver 658 pounds ; of lead 
708 pounds, of mercury or quicksilver 
8a8 pounds ; of gold 1,207 pounds, and 
OI platinum 1,340 t>oiinds. We, there- 
fore, say the density of water is 62-4 
pounds per cubic foot, of copper 555, 
and so on. The denser a substance is 


the more clo.soly ;tre the mokxules 01 
particles of w'hich it is formed packed 
together. 

Scientists usually reckon den.sities 
not m feet and pounds, but in cubu 
centimetres and grammes. One cubic 
<'entimetre of water weighs one gramme; 



A simple experiment to show that an object 
loses weight when immersed in water, the 
loss is equal to the weight of water displaced, 
a fact discovered by Archimedes 


of ( o}>p(‘r 8*0 gitininu's , ot silver 10-33 
grammes, and so on. In speaking of 
the density of a substance, therefore, 
we must always note* wh.it system of 
units we are using ; as, lor example, 
fet‘t and pound.s, cubic centimetres and 
grammes, or any other systiun 

Now as wv see Irom the figures given, 
eojipLM* IS rather more than nine' time-> 
as heavy as a similar (piantity of watei . 
and gold more than ninetei'ii times as 
lu‘avy. AJen ot science, tluTcfore. 
compare all liquid and solid substances 
with water, a,nd sp(‘ak of their specific 
gravity, which means how many times 
heavi(‘i or lighter tliey are than an equal 
quantity of water. 

.As we ha\'e seen, in speaking ol th(* 
rlensity of substances we mu.st know 
what system wx* are using, as the 
hgures are dillei'c'nt in the cas<* of cubic 
let't and pounds from what they are 
m < ubic (‘I'ntimetres and grainnu\s 
Hut there is only oni* table ol specific 
gravilv, for whichever system ol dens- 
ities we are using copper is always 
8 (1 times as heavy as water and gold is 
alwsiys i()-3 limes as heavy. It should 
be (*x})lajned that in reckoning the 
spec itu. gi.ivities ot gases, instead ol 
using wxite*r as the standanl, air is us(“d, 
Its spcxifie gravity being rec koned as r. 

Finding' the Density ot a Solid 

When wx.‘ know' the* sjiec ific gravity ol 
a siibslanee as, for example, bronze, 
which is <^. we know that any quantity 
of bron/e would wcugh nine times as 
miK li as the .same' cpianlity of water — 
a cubic inch, foot, or yard. We could 
ahvays find the specific gravity of a 
subsiance by dividing the* weight of any 
volume of it by the wxMghf ol an equal 
volume of watc'r 

We find the density of a solid heavitx 
than water by first finding its mass and 
volume. 'I'he mass is discovered liy 
weighing, and the v olume by a principle 
w'hic h was di.scovered by the great 
(trc'ek philo.sopher Archimedes about 
250 H.C. 

King Hiero ol Syracuse was in a 
difficulty, and he sent for Archimcxhxs, 
who w^as a relation of his. The King 
had handed to a goldsmith a certain 
weight of gold with which to make a 
crown. When the crown was delivered 
the King for some' reason or other sus- 
pecttxl that the goldsmith had not used 
all the gold, but had stolen some of it 
and mixed the remainder with some 
.silver in order to make up the necessary 
weight. 
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The King asked Archiinodes, whom he 
knew was very clever, to discover 
whetlier the crown was made of pure 
gold or not. Of course, in those days 
there were no acid tests such as we have 
toflay 

JIcW'. was a difficuK problem 
lo) the ])hiIosopher. 'the weight 
f)t the (Town was und(.)ubte<lly 
llu* same as the weight of the 
gold handed to the goldsmith, 
and the ciown lookecl as if it 
were n\ade of pure gold. 

Archimedes thought over the 
matter for a long time, imd then 
he hit on a wonderful plan. He 
took pure gold and pure silver 
,ind made two bkx'ks, one of gold 
and one of silver, c^ach weighing 
exactly the same as the King's 
crown. Archimedes found that 
the silver block was a good deal 
larger than the gold block. If, 
therefore, some of the gold hacl 
lx*cn replaced with silver in the 
crown, the crown would be bigger 
than it w’oiild have been had it 
Ixen made entirely of pure gold. 

13 ut as it was of such an irregulai 
shape*, how could he possibly 
find this out ? 

** Eureka 1 I have found it 1 ** 

It is said that the solution of 
the problem came to him like a 
flash. One day he was having a 
hath in one of the large cup- 
shaped baths which were used in 
that day, and before he entered 
it the bath wa.s full to the brim. 

When he got in, of course, a 
good deal of the water flowed over the 
edge, and when he left the bath Archi- 
medes saw that the water was no longer 
up to the brim. It came to him as an 
inspiration that the amount of 
water that had overflowed must 
be exactly equal to the volume 
of his own body, that is the space 
his body occupied wfis the same 
as the space the displaced water 
occupied. He would find the 
volume or cubic contents of the 
crown in the same way. 

It is said that in his excite- 
ment at this great discovery 
Archimedes forgot to dry and 
dress himself, but rushed out as 
he was into the street, shouting 
“Eureka! Eureka!” which 
means " 1 have found it ! 1 have 
found it 1 ” Peojile p rob a b 1 y 
thought he had gone mad, but 
on reaching his home, for he had 
lxx*n at the public baths, he took 
the crown and lowered it into a 
vessel full to the brim w'ith 
water, collecting every drop of 
the water that overflowetl. 

Then he did the same thing 
in turn with the blocks of gold 
and silver which he had made, 
and which were of exactly the same 
weight as the crown. When he com- 
part the three volumes of water that 
had overflowed he found that the crown, 
while it displaced less than the silver 


block, had displacecl more water than 
the gold block. ITierefore, said he, this 
crown is not made of pure gold but 
contains some silver. 

The stor>' goes on to toll us that b\ 


mixing gold and silver in different pro- 
portions and testing the result he at 
last obtained a mixture that displaced 
exactly the same amount of water as 


did the crown. Then he was able to 
tell the King not only that the gold- 
smith had .stolen some of the gold, but 
exactly how much he had stolen. 

The method thus invented by Archi- 


medes of finding the volume of a solici 
lx)dy of any shape is still followed. A 
special vessel is used lor the water, 
which is called a Eureka Can. It is 
simply a tin vessel with an overflow 
pipe which cauries off the watfft 
displaced when a solid is lowered 
into it. The water displaced is 
then metisured with a measuring 
jar, and gives the exact volume 
of the solid. 

To return to the method ol 
discovering the density of a solid 
heavier than water. Having 
found the mass and the volume 
it is easy by a simple calculation 
to find the density. For example, 
if a bo<ly whoski mass or weight 
is lo grammes displaces 2 cubic 
centimetres of water, which, as 
wc know, weigh 2 grammes, 
then the volume of the body 
is 2 cubic centimetres. The 
density of the substance there- 
fore must l>e lo divided by 2. 
which gives as the result 5 
grammes per cubic centimetre. 
Fn,)m this also we know that its 
stx^cific gravity is 5, which means 
that it weighs five times as much 
as an equal volume of water. 

Methods of Discovery 

For solid substance.s that dis- 
.solve in water other methods of 
finding the volume are used. 

To find the density of a solid 
lighter thitn water the following 
method is used. The IxKiy is 
first weighed in air, then a sinkei 
is attached to it and the body 
is weighed again with the sinker only, 
in water. A third time we weigh with 
both lx)dy and sinker in water. Then 
w^e subtract the weight when lx)th are 
in water from the weight when 
the sinker only is in water, and 
divide that result into the weight 
of the body in the air. Tin* 
answer gives the density in 
grammes per cubic centimetre 
and also the specific gravity of 
the bexly. 

To find the density of a liquid 
there arc various methods. The 
simplest method is to um an 
instrument called a Hydrometer, 
which indicates the density by 
the depth at which it flocits in 
the liquid. The density of a gas 
is found by weighing a given 
v'olume under certain conditions. 
Air is extracted from a globe 
and the empty vessel is weighed. 
The gas to be tested is then 
passed into the vessel until the 
pressure is the same as the 
atmospheric pressure outside. 
The vessel is allowed to stand 
until the gas acquires the tem- 
perature of the outside air. It 
is then again weighed, and its 
gain in weight is the weight of the gas 
inside. 'The globe is then again ex- 
hausted and filled with air. which 
is weighed, and the weight of flhe 
gas compared with that of the air. 



Archimedes, after a bath, hits upon a great discovery 



Archimedes, by placing the King’s crown in the water, discovers 
a goldsmith’s fraud 


1406 




USING NOISE TO SOLDER ALUMINIUM 


The ulirasonk 'bolder iron, 
fthou'H m the U’ff, is elirtritnilv 
heated throuf^h the exciter coit, 
shuii'n in the diagram on the 
ripht. The solcUrinii hit is eou-^ 
nertid to a dcvii.t- tolled n maeneht- 
striitinn transducer u'hh U converts 
electrmU enemv into Iht ulfrn- 
souu rneri’v required lo vthrafe 
tfiL tip of the hit td the hie.h 
frequency necessary fo hatter ti-e 
sue fates to be soldered. 


Tronsefucer 




Exciter Coh 


Oxide Layer 
I Exaggeroied) 

Aluminium 

Morkp/ece 

i 


Soldering Bit 

Globule of 
mo/ien Solder 

\ U 

\^^yltotion bubbles 


As you can read in the article oh pa^e fir 7, ultrasonic sound umves will 
so hatter the surface of a metal that it mil be pitted with a ftms of mmute 
holes or abrasions. Vlirasontc soldering operates on this prmcwjk. The hit 
of the soldering iron is caused to emit a continuous stream of >kgh-frequency 
sound mbruiums supplied from an electric generator. These ^^jwatipns erode 
or pit the surfaces of the metal to be ioined^ so giving a grip^' 
solder. The tdbrations are so rapid that oxidation Is actual^ 
of the way before it can form a film in any quantity sufficient 


the molten 
batteted out 
the pitHngs. 


P/ckupCoH 


Permanent Magnet 
Po/orising P/ck'Up 


Lamt Dated Magnetostr/i^ 
E/ement 

Diaphragm giving 
nodai support 



input to 
I Amp/ifier 


Heating £/ement 


So/dering 
Bit 


Amp/ifier 


DnVeCoii 


providing resilient 
C/omp 


Coupiing Bar 


This diagram shows you the positions 
of the various parts of the ultrasonic 
soldering' iron contained in the pistoT 
pattern holder iUusirated at the top 
of the fnge. 


iiAst metals and metal alloys can be soldered or joined together by running between their edges a film of molten alloyed metal (the solder) which 
has a lowhr melting point than the metal being joined. The surfaces to m joined must be absolutely clean and free from grease and oxide film, 
which is done 1^ use of a flux. The flux does this by dissolving the oxide, and the flux must continue to dissolve the oxi4e at the soldering 
temperature because new oxides are continuously formed at such temperatures. In other words, the edges of metal to be joined must have 
roughened edges : the roughening consisting of minute pittings which provide a surface against which the solder can grip, in certain metals, 
mo^llp of the aluminium' group, oxidation forms so fast on the edges to m soldered during the application of heat from the soldering iron that 
there is no pitting of the edges upon which the solder can grip, so that no joint is formed, with the ultrasonic soldering-iron shown above, 
which uses sound vibrations instead of heat, oxidation can be stopped long enough for the molten solder firmly to grip the edges of the aluminium 



SCIENCE APPLIED TO BUILDING CONSTRUCTION 



The greatest advance in building since the nineteenth century has been the application of steel reinforcement to concrete. Each 
strengthens the other, for the steel bars bind the concrete, while the concrete preserves the steel from corrosion. Changes of 
temperature affect both equally ; this is of the greatest value in building, as steel and concrete expand together under heat and 
contract together in cold. Here we see the reinforcement for a settling tank during the building of Dagenham Sewage Works, Essex. 



Here is another photograph taken while the Dagenham Works were in course of construction, and it shows clearly the way in which 
the steel is arranged in the concrete. The concrete is poured In liquid form over the reinforcement and then settles hard, the adhesion 
between the concrete and the embedded steel bars being very great. A steel bar embedded in good concrete will tear in two before It 
can be withdrawn. These photographs are given by courtesy of the British Reinforced Concrete Engineering Company, Ltd. 
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DIVERS WHO SWIM LIKE FROGS 


B irCAtiSE it has large, fiat, webbed 
feet, the frog is a fast and expert 
swimmer under the water; un- 
like a man in the ordinary type of 
deep-sea diving suit who is so weighted 
down with equipment that the best 
he can do under the water is to walk 
very slowly. It was this inability of 
the diver to move about easily or 
<|uickly that during the 1939-45 war 
led to the invention (if what is calUxl 
the frogman diving dress. 

The frogman diving dre^ss is so 
( ailed because its design was dec’idtxi 
upon only after a careful study of tin* 
frog's behaviour in tlu^ water. As you 
sec in the pictures on this jiagc, a man 
wearing the suit looks rather Viko a 
frog. Not only does he look Iik(' a frog, 
tint his self-contained breathing equip- 
ment and the large flippers attached to 


would leave many of the posts standing, 
and also that the shells would tear 
such gaps in the beaches that men and 
equipment could not l)e landed. It was 
thereupon decided that the obstacles 
could be destroyed only by fixing 
explosive charges to their bases. 

Accordingly, the British Admiralty, 
which was responsible for clearing 
the proposed landing beaches, ordered 
a diving suit to be designed that w^ould 
make it possible tor a man lo swim 
under water, leaving his hands fre(^ 
to carry out the delicate work of fixing 
t'xplosive charges, and give him pro- 
tection against cold and injury from 
undervvat(‘r (‘xpkision of shells or mines. 

The new diving suit was made in 
one piece from a rubber-like cloth and 
coven^d the W(iarer from the soles of his 
f('et to the crown of his head. Tnst(*a(J 


of a diving helmet, there was a strong 
glass front Attached to the facepiece 
was a rubber tube through which the 
wearer breathed oxygen Ircmi bottles 
strapped on his chest. The bottles held 
enough oxygen to last 90 minutes. 

The feet of the .suit were extended 
into long rubber flipix^rs that enabled 
the diver to swim under the water as 
fast a.s an expert on the surlace. 

After prolonged tests ol the 
equipment in swimmuig baths and 
bathing beaches, a unit called the 
Landing ('raft Obstruction Unit 
was formed in 1943. 

Five hours tiefore the Allied troofis 
landed on the Normandy beaches on 
J>“l)ay (June 6, 1044 ). the Landing 
('raft Obstruction Unit went into action 
and cleared over 3,000 ob.striictions 
at a cost ol only one casualty 



swim faster and sta\ iincicu water 
longer than a frog can. 

During the Allied preparations for tint 
invasion of Kurope it was realised that 
the German uiiclerwati'r defences off 
tlie French coast would ha\'e to be 
<le.stroyed before landing craft could 
attempt to put troops or equipment 
ashore. Most of thest' defences con* 
Misted of rows of steel .spiked -posts ten 
feet high and ten feet wi(le and weighing 
two tons. The posts had mines and 
other explosives attached to them, so 
that any craft striking against them 
would be blown up. 

Experiments proved that attempting 
to destroy the obstacles by gunfire 


The first photograph shows 
you a frogman ready to 
make a dive. In 2, frogmen 
are coming ashore after an 
underwater swim. In the 
third photograph a frogman 
is moving about close to the 
bottom of a swimming bath. 
The fourth photograph is of 
a taxicab which fell into a 
harbour and was salvaj^ed 
by frogmen. 
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CINEMA THAT USES THREE PROJECTORS 



Although the cinema giires a good tUution oi movement in the picture projected on the ecreen> the picture is always flat, Uke a anapehot photpgrailhi 
and tends to be distorted when viewed from different angles. Similarly with the sound o! a talking picture : a character mev be speakkiff trom 
side ol the screen, but his voice appears to come from the centre of the screen, behind which the loudi^aker is mounted. A snapshot am be 
given the Illusion of depth by viewing it through a stereoscope ha explained in pages 409*411, but this Is impossible in a cinema, and the next host 
thing is to provide the audience with stereoscm spectacles. Iff 1951 an entirely new epproach to the problem was made by the cinerama spstsm. 
In this the ^cture is taken by a camera having three lenses, each of which records in perfect synchronisation one thjird of the scene to be 4 iot The 
three fflms thus obtained are then limttltaiieouely projected, each from its own proje^, on to a eoncaee screen, 64 feet wide and tfy feet higli, «e, 




TO CUT OUT MOTION PICTURE DISTORTION 



th.t«Mh oM third 


s«ei chgfftftffff ©n th# serien txmctly as a ttiaatra au^enae saes pla^rs. A s|iectat©r sitting at tha side of the cimma, does not |:et a distorted view 
of the obiect on the acteen but sees it In its proper proportions* Similarly, sound eon^ to the audience front the direction of its apparent source* 


arranged 


that thay are switched on to agree with lateral (side to side) and yerticia (up and d^) movements on the Whw, for mmo 

ane aoo^ across tho screen,^ neim of its en|»fies seems to follow »«Nf«;^The anara^ wjtem ^ was Ai 


an awoDlatie aooms across tho screen, the noiee of its engines seems to toiiow tne image, me oneranw o» »i>uihi «i»i 

"^^SSwtin Britain In the Rdyal Festival hBi, Undon. Eapcriments have been made to apply the technique to television. 




Insects are responsible for an enormous amount of damage in pjr|lh|brds, and not so long ago the only way to protect the fruit was to 
walk round with a hand pump and spray the trees with insectiCidf. ||This was a very slow business and was expensive of labour. With 
the machine illustrated above, it is possible to spray several aoAs J&f orchard in an hour. The machine consists of a tractor, in front 
of which is mounted a large fan. The insecticide, carried in k trailer, is pumped to a trough behind the fan, and as the vehicle 
moves forward the fan revolves. The blades then suck the tni^c^cide from the trough and throw it outwards by centrifugal force. 

BOAT THAT FIGHTS FIRES AT 40 MILES AN HOUR 


On the right you see a fire-fighting boat used 
by the Royal Air Force for rescuing the 
crews of blazing aircraft that fall into the sea. 
The boat is 46 feet long and is driven by two 
357-horse-power engines which give it a 
maximum speed of 40 miles an hour, and it 
can travel at that speed for five hours without 
refuelling. The hull is made of fireproof 
material so that the to at can travel through 
burning fuel or wreckage. The two fire- 
fighting nozzles, shown in action in the 
photograph, are fed by pumps delivering 500 
gallons of water a minute. Rescue equip- 
ment includes line-throwing rockets, a 
powerful searchlight, a winch, and gear for 
towing heavy aircraft. The cabin is fitted 
out as a hospital for treating injured sur- 
vivors of a crash. The fireboat carries a 
crew of fi re. In wartime the boat would be 
armed with machine-guns mounted in 
revolving turrets on the bow and stern. 
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A QUEER ANIMAL THAT BEHAVES LKE A BIRD 



The Utt*story ol the pletypus, which is shown on this peee, is an interesting and curious one. The creature is a water animal of Australia Ufing 
in and near rivers. It is covered with glossy hair, with a layer of soft waterproof fur nearer the skin. It has a bekk something like a dudi's, with 
nostrils at the end. Its feet are webbed like a duck’s for swimming, but the w^ can be turned back when the daws are used for digging. The 
datyput Is a good swimmer, and grubs at the bottom of the river for aauatle insects and small cntstaceans, on which it liyes. It oollects these In 
its cheek pouches and then rises to eat them. It digs a burrow in the Wnk of the river with a diamber at ttie eiid« and there are two entraiiee% 
one into m vrater and one on to dry land. In the chamber the female makes a rough nest and lays one or more eggs. She then dts on them JUm 
a hen. and soon the young are hatched. When they break through the Shell they are blind and naked, and are M with mUk by their mofte. 
At this stage they have li^ chedc teeth, wbldi soon disappear. A full-grown ^typui is eightoen indhes long. It has an oily smell and growls Uhe 
a puppy, ^e animal Siseps in the daytime and goes out hunting at night. It floats upright ht the water, when it looks seitwtliing like a floating 


I upright ht the water, when it looks settwthhig like a floating 


In ito burrow H sleeps rolled up in a hall like a hedgehog. It also rolls up when frightened. In ^ee of teeth the animat hat Hi Jaws 
famished with horny these having a ehaip edge in front which broadens out at the hack of the beak 


I out at the ha^ pi the beak 
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Wonders oF Animal &Plant Life 


QUAINT LITTLE MAMMALS THAT LAY EGGS 

We naturally think of a bird as laying eggs, and most of us know that many of the reptiles and amphibians do 
the same. We may have come across a clutch of grass snake's eggs in a heap of manure, and perhaps we 
have been shown a crocodile's egg. But we do not think of mammals, the highest type of animals that feed 
their young on milk, as being egg«>layer8. Yet there arc such, and here we read about them 


I N one sense all young animals, It is a water animal and spends its At first they have tiny cheek teeth, 
whether they be mammals, birds time in and near the rivers. The loose but these sooii drop out and then in 

or insects, come from an egg, hut skin is thickly covered with glossy hair, each jaw tliere develops a pair ol 

in the mammal the young is produced and under this is a layer of soft water^ horny plates which serves the purpose 

alive instead of being hatched afl(*r proof fur, ’ of teeth. There is a sharp edge in 

the laying of an egg. Th(‘ duck-bill liAs one great ad- front, and this broadens out at the 

There are, how'cver, two kinds of vantage, that while it has webbed feet back, 
mammals that actually lay ogg.s, and the webs can be turned back and the The duck-bill’s food t'onsisls ot water 
incubate them just as a hen or a blue .sharp claws used for digging. The insects, crustaceans and worms, au<l 

tit sits on its eggs and hatches them animal is a great digger, and it burrows it finds those by grubbing with ifs 

out. These two .strange mammals aiv into the banks ol the rivers making a l>eak in the river rniul and .sand. As 

exclusively Australa.sian, one of them, long, winding channel that lead.s to a it kills the food this is .stowed away ifi 

the platy].>us or duck-bill, lx?ing found .small chaml>er. "I here are always two capacious check pouches and atter- 

OJily in Southern or Eastern Australia exits from th<‘ tunnel, one l>eing under wards eaten at leisure, 

ana Ta.smania, while the other, the .water and om? alxn^e. No doubt this The platypus or duck-biT rarely 
echidna or spiny ant-eater, of which is not merely to give easy access to the leaves the water, except to entt'r its 

there are two .sptxjies, is found in duck-biir.s home, but to enable it to burrow^. It swims rapidly by means 

Australia, Tasmania and New' Guinea. cscajit* should an enemy enter the of the large front paw's, but it is seldom 

The more interesting of the two egg- burrow. seen by day, for it sleeps during th<' 

laying mammals is the platypu.s. It In the little chamlxT which it has daylight, and those who wish to sec the 
is a strange-looking creature, eighteen dug out underground, the duck-bill animal in its native haunts mu.st go 

or twenty inches long, and has a bill makes a ropgh nest of grass, and there out at night, taking a light. It has a 

like a duck*.s, hence its popular name, lays one or two jiggs. It places its que<.T way of floating with its bill up- 

and it has webbed claws also some- body cin them a.sNijL(^hen does on hers to right out of the water, anti when there 

thing like a duck’s enabling it to swim keep them wamii,i and in due course are several duck-bills floating in this 

easily. The front feet arc bigger than tw'o little duck-i Is are hatched out way it looks for all the world as though 

the back ones and look as if they were breaking the sh' J>f the e^ggs to escape, a number of 1 Kittles arc floating with 

two si 2 :es too large for the little animal. These are not like their mother their necks out of the water. 

Scientists call it the ornithorhynchus, a or father. Wh^'iffiiey come out of the When in its burrow the duck-bill 
n^ane made up from two Greek words, egg they are bliittvi 1-nd naked and their .sleeps rolled up in a ball, .some^iug 

meaning a bird and a b(?ak. mother feeds tjU with milk like a hedgehog, ami it also rolls itself 



Tilt tehidiia or spiny ant-taier. to tailed because With its long flexible tongue it can seise ants for food. It often rolls up like a hedgehog 
When danger threatens, but if there is time it prefers to bury itself in the ground. It lays eggs and incubates them 
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WONDERS OF ANIMAL AND PLANT LIFE 


up in this way if it is alarmed. Curi- 
ously enough it lives on frieruUy terms 
witli the water-rat that inhabits the 
sam<‘ river bank. The young very soon 
learn to swim, and both old and young 
animals are able to remain for <|uite a 
long time umJer water .should they fear 
tlie presence of an enemy But the 
duck-bill is not quite defenceless. On 
its heels the male has strong horny 
spurs and a little canal which opens at 
the |XMnt is connected at the base with 
a duct from a venom gland in the back 
of the thigh. The spur can be used as a 
nasty lx>ison weapon. Tlu^ duck-bill’s 
no.strils are situated at the end of its bill. 

When travellers first came home and 
told of this strange animal, men ol 
science thought they were nier<‘ly 
telling “ travellers* tales " and did not 
Ixilieve them. But gradually their 
story became known, and now we know 
the habits of the creature fairly well. 

Tlut Royal Society sent a sjiecial 
represimtative all the way to Australia 
to stiuly the animal, and it was largely 
owing to his researches that we know 
the truth about the <.lnck-bill. 

The platypus has been kept in cap- 
tivity. although to do so is not easy. 
A naturalist caught an ailult female 
and her two young ones, and he found 
that during the tlay the m(»ther re* 


mained very quiet, huddling up with her 
young ones, but at night she became 
restless and seemed eager to c\scape. 

The little ones were as frolicsome as 
puppies. The duck-bills kix ed a bath 
in a shallow pan placed in a corner, but 
they did not care for deep water. They 
seldom remained in the water mon' 
than ten or fifteen minutes at a time. 

They slept a great deal, and it was 
curious that of the two young ones, one 
often slept while the other was running 
about. The animals could climb easily 
to the top of a licMikcaso. They lived 
on bread soaked in water, choppi‘d 
eggs and minced meat. 

A Hedgehog-Llke Animal 

I'he other egg-laying mammal, the 
spiny ant-eater, whose .scientific mim(' 
IS echidna, is a small creature, fifteen 
to eighteen inches long, and unlike the 
jdatypus, its no.se is drawn into a long, 
slender snout covered with a moist, 
l)la( k membrane, like a dog’s no.se. 
It has no teeth, and the hack is covered 
with stiff, sharp spines like those of 
the hedgehog mixed with long, coar.se ^ 
hairs. If also, when danger threatens, 
curls up like a hedgehog, and thus 
protects its under parts whit h have no 
spines, but are covered with silkv' 
brown hair. 


The male cichidna has spurs on its 
heels, but is never seen to use them. 
It lives in burrows and feeds on ants 
which are captured by means of the 
long, slender tongue that is thrown out 
and eatclies the ants very much as 
though it w'ere a flypaper. 

It is not a water animal like the 
platypus, but is generally found in the 
mountains and its broad fore-feet have 
enormously powerful claws with which 
it is aide to dig quite easily. 

When the breeding season comes the 
ft'inale echidna develops a nursing 
ixiuch on the urulor-side of the body, 
and in this is deposited a single egg. 

1 1 places the egg in the pouch by means 
of its snout. The egg is thus kept 
warm by the mother's body, and as 
soon as it is ready to hatch the young 
animal inside breaks the shell by mean.s 
of a knob at the back of its muzzle. 11 
grK‘s on living in the mother’s |.K)uch 
until it is grown to a certain size, and 
then the mother takes it out, but from 
time to time it returns to the pouch in 
order to obtain milk from its mother. 

I'hese egg-laying mammals an? ver>" 
interesting, because they form a kind 
of link between the reptiles and tlu‘ 
mammals, rhey are leprescntativi’s ol 
some half reptilian mammal ancestoi 
of the past 


ANIMAL FOOTPRINTS MADE MILLIONS OF YEARS AGO 



When a siao ol sandstone Irom the Urand Canyon ot the Colorado was split open me footprints of an extinct amphibian were clearly 
marked, as can be seen in this photograph, which is given by courtesy of the United Stalls National Museum and the Carnegie Institution 
of Washington, It shows the positive and negative surfaces of the sandstone when the block was split open and the two halvea 

separated* The tracks are as clear as when they were first made 
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In these photographs, reproduced by courtesy of the United States Bureau of Fisheries, we see a certain species of copepod, wiiicii is the 
most numerous of all the animals that feed upon the plankton plants, such as diatoms. Plankton means wandering/* and is a reference 
to the drifting of the minute plant forms. In th^ left-hand photograph the copdpods are magnified about two diameters, and we get some 
idea of their immense numbers. On the right they are magnified about nine diameters 

Y 4- 
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THE NUT THAT IS THE STONE OF A PLUM-LHCE FROT 



W K can buy 
almond 
nuts either 
shelled or in their 
shells. As ti mat 
ttT of fact the 
shell with the 
kernel inside is 
leaJly the stone 
of a stone fruit, 
lik(* the* plum or 
^reenga^*e, but it 
is a curious fruit, 
for the flesh dri«*s 
up into a leatherv 
h u s k , w h i c 
tracks open and 
frees the stone 
inside. 

r n s t e a d o 1 
throwing away 
the stone of the 
almond, as we do 
that of the plum 
and j^reenga^<o 
and peach, wo use 
It, and a very d(‘- 
licious and enjoyable nut it provides. 

There' are two kinds of almonds, 
tlu‘ sweet and the bitter The latter 


yields a flavouring, extract which is 
much used in cookery and in the 
making of perfunu^s. Its kernels are 


ground and mixed 
with water, and 
from this mixture 
an oil is distilled 
which contains 
hydnx'y^tnic acid. 
That is a poison, 
and has to he 
extracted before 
the oil can be 
used. 

The sweet al- 
mond is grown in 
large (piantitios 
and is a cultivated 
form of the wild 
almond of the 
Modi terra tieaii 
countries. I'he 
tret* has a beauti- 
ful flower like that 
of the peach, and 
is grown a great 
deal as an orna- 
m t) n t a 1 ]•> 1 a n t . 
The sfiells of the 
almond easily 
discolour, and lor the market are often 
bleached, so as to look a bright yellow 
and thus attract a mrjre readv --ale 


I’HE POTAIO’S ROMANCE 

T he potato soenis a commonplace 
vegetable, hut its story is quite a 
romance, U is one ol our principal 
ariiclcs of food, and many of tfie Irisli live 
.i I most entirely upon it. 

Vet it is a near relative of our deadly 
night.shadc, tfie most poisonous plant to 
be found growing in the British Isles. The 
leaves and fruit of the potato itself are 
poisonous, but the tul)tjr.s. or swollen parts 
of the underground stems, which we call 
potatoes, are full of starch, and provide a 
Ncgctable food that is more useful than 
any otfier except bread. 

Tlie potato has been a good friend of 
Ireland, for before the introdnction of the 






A potato plant growing from an old tuber 


plant that (Oiintry oiten .sutfeied Iroin 
famine. When in i8a0 the potato crop 
failed, the ])eople of Ireland suffered 
severely as a result. 

N et although the potato is of tremendous 
value all over Europe to-dav, it was onh' 
introduced from the Andes of Chile and 
Peru, where it grows wild, after the 
Spanish invasion of the sixteenth century. 

It was intnHlucwl to Ireland in I58(>, and 
was first planted on Sit Walter Kaleigfi’s 
estate at Youghal in County Cork. It be- 
came a useful food in that country for .some 
years before it was known in England. 

'riie story is toki that Sit Walter 
Ualcigh presented the new vegetable to 
Queen Elizabeth, and the plant was grown 
in the Royal kitclien gardens, the green 
leaves l>eihg gathered and set before Her 
Majesty in the form of «i salad. The taste 
made Elizabeth suspicious, and Sir Walter 
was sent for and charged with trying to 
oison the Queen. It is said that he saved 
imself from execution by explaining that 
it was the tubers alone which were fit fo cat. 

Poisonous Seed-Cases 

Cliildren are sometimes porsoned through 
eating the green balls that enclose the seeds. 
Potatoes are not grown from the .seeds, 
but from the tubers, which are cut up into 
section.s, each containing an eye. Prom 
the eye a new plant springs, and many 
tubers then form underground, provided 
the soil is suitable. It must be rich and 
deep, and contain sufficient sand to insure 
proper drainage. Potatoes must not be 
grown two years in succession on the 
same plot of ground. 

Anyone interested in plant breeding can 
create new varieties of potatoes or improve 
the old ones by taking a little trouble. 
Some horticulturists devote themselves 
to the raising of potatoes from seed, and 
It is from their experiments that the best 
new varieties come into existence. 

Alcohol is obtained from potatoes, and 
starch for the making of a substitute for 
cornflour. 


THE (OMPASS PLANT 

T he silphium, a North American shrub. 
IS called tin* l onqiass* plant because 
it is flat tuned as though pres.scd, 
and the broad surfaces of the leaves 
always lace cast and we.st, that is, in the 
direction oi the rising and setting sun. 
Travellers can obtain their bearings by 
looking at it. 



Silphium aeenirom two points of the compass 
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THE INSIDE AND OUTSIDE OF THE EDIBLE CRAB 



This photograph shows an edible crab on the sand The carapace is quite hard and prevents the crab growing like ourselves. Once 
yeat it bursts the shell open and crawls out. a soft creature,, and then begins to grow a new suit of clothes of a larger size 



Here is an X*ray photograph of the same crab, with the body showing through the shell. The fleshy parts come out dark, and the inside 
of the crab appears a different shape from the outside shell The apparently dead crabs we see on the beach are really discarded shelb 
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EXPLORING THE FRONTIERS OF SPACE 
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The drawing on the ieft shows the scene outside Parts on 
November si, 1783, at the start of the world’s first free balloon 
fiight. The balloon was kept aloft through the continuous 
heating, and therefore expansion, of the air inside the varnished 
silk envelope by means of a fire of chopped straw carried in a 
brazier under the balloon. The balloon, which was piloted 
by Pilatre de Rozier, rose to a height of 500 feet and travelled 
a distance of five miles in 20 minutes. To the onlookers, de 
Rozier *s balloon ascent was a breathtaking achievement and 
caused considerably more excitement than did the ascent to 
120,000 feet (just over 19 miles) on August 20, 1957, by Major 
David Simons, a U.S. Air Force doctor 


1 
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i. Major Simons seated in his balloon gondola receives congratulations from Captain Joseph Kittinger, who a tew days previously had 
ascended to a height of 96,000 leet. Although the aluminium gondola was only 7 feet high and 3 feet across, it carried, Insides the 
balloonist, a mass of instruments for measuring cosmic radiation and other conditions beyond the earth's atmosphere. 3. The 28o-feet 
long balloon beginning its ascent from the bottom of an ironstone quarry. As the balloon rose, the helium gas with which it was inflated 
expanded and gave it the ordinary balloon shape, 4. Now several thousand feet up, the balloon’s plastic envelope begins to expand 
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It is not only man that regards the snake as an enemy, but some^ also, of the animals and birds. Here we see a Mexican bird, the 
road-runner, fighting a rattlesnake The road-runner never heti^tes to attack a snake when it sees one, striking with its sharp beak 
and then jumping aside like lightning to avoid the venomom jaws of the reptile. The bird is almost invariably the victor 



Even in England the snakes have their bitter enemies among the animala, apd one of these is the hedgehog. The animal, in attacking 
an adder, rolls itself up, then uncurls and bites the snake, curling up agaih and repeating the operation till the back of the snake is 
broken. It next passes the whole body of the reptile successively through its Jaws, cracking it and breaking its bones at intervals of half 

an inch or more. It then eats the snake, beginning always at the tail end 
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A SMALL PORTION OF THE MILKY WAY 



Small is a relative term. A pea t» small compared with a football, wd a fc^tb^l a compare^wthjhe 

Jive, When, therefore, thii 
Gala^, of which our solar i , 

TOMtelUUon Sagktaritw, \nd it shiws a partfcularly dense part Imown as a star cloud, where 

compared with other parts. This photograph is reproduced here by courtesy of the Carnegie Institution of Washington 
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Wonders of the Sky 



IF WE PASSED THROUGH A DARK NEBULA 

In the vastness of Space there is to be seen every here and there a black patch which looks as though the sky 
were empty. But it is believed that these patches are dark nebulae, huge masses of very fine dust, which shut off 
the light of stars beyond them. Some scientists think that in its passage through Space the solar system might 
encounter one of these great dust clouds, and the possible results of such an encounter are discussed here 

T hk Earth, with the whole solar that none would be nearer to aiiother Some geologists believe that the 
system, is travelling through Space than 3.000 miles. solar system has actually travelled 

at about twelve miles per second Wc can gather from this how remote through these vast clouds of cosmic 

towards the region where the star is the likelihood of a collision. Tn fact, dust in the past. It is believed that the 
Vega now is. It will take us about half astronomers tell us that celestial col- last time was about a million years ago ; 
a million years to reach that place, lisions occur only about once in a ajid it is suggested as the cause of tlu' 
and then Vtiga will not be there, for it thousand million million y^ears. Great Ice Age, which bt^gcUi about 

also is moving on. But there is another possibility which that time. The shutting olf of much ot 

But in our journey during that half- is not so remote. Scattered about in the Sun’s heat by the cosmic dust is 
million years are we likely to meet Space are great ma.sscs of cosmic dust,* supposed to have reduced the tempera- 
anything else on the way ? There is and it is not an impossibility that as ture and brought about the Tee Age. 
little chance that we shall ever collide our sy.^tem journeys through Space we On the other hand, there are some 
with a star. The stars are a great deal may meet and pass tlirough one of these scientists who think that contact with 
too far apart m Space for such a t'.ol- vast dust clouds. The nearest of them one ot these cosmic fogs might make 
lision to be likely. Astronomers have is very far olf at the present time, and the Earth more habitable tnan it is 
reckoned that if the average star were such an encounter is only likely to at present, for the cloud might contain 
the size of an orange, the stars would happen, if at all. thousands or ptirhaps some unknown clement or gas which 
be distributed so .sparsely in Space million of years from now. would help to pnjlong life. 



A nebula, to be seen in the constellation Ophiucus, showing dark patches believed to be masses of cosmic dust. The photograph was taken 
with the xoo*inch telescope at Mount WUson Observatory, and is reproduced here by courtesy of the Observatory 
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HOW WE CAN UNDERSTAND THE STARS 


T he iipectro- 
sc;ope that 
tells us not. 
only what tho 
distant .stars arc 
made of, but 
whether they are? 
moving towards 
us or away from 
us, is in its sim 
plest form a prism, 
and how it works 
IS explained on 
pages 450 to 452 
But in actual 
practice when the 
stars are being 
examined by 
means of a spec‘- 
trf>seope, the ap- 
paratus used is by 
no means simple. 
It is a combination 
of a big telescope, 
a complicated 
spectroscope 
with many prisms, 
and an elaborate 
camera. Ihe big 
telescope catches 
the light of the 
star and passes it 
on to the spectro- 
scope, which an- 
alyses the light 
arid enables the 
camera to make 
a photograph of 
the spectrum 
Then the astron- 
omers can exam- 
ine this spectrum 
at their leisure 
and read in it the 
story of the star. 


The combined 
apparatus is 
known as a spec- 
trograph, and an 
example of the 
instrument as 
used in large 
observatories is 
shown on the left. 

The spectro- 
graph is rightly 
regarded iis one 
of the greatest 
achievements of 
modern science. 
When it catches 
and analyses the 
ray of light from 
a star that i.s 
scores of light- 
yejirs away, it un- 
folds the secret of 
that stiir's com- 
position, tells us 
whether it is in a 
gaseous or solid 
state, whether it 
is highly heated 
or comparatively 
cool, whether it i.s 
a new .star or one 
far advanced in 
evolution, and 
both the amount 
and th(* direction 
of its motion. We 
know whether the 
star is expanding 
and becoming 
hotter, or whether 
it is cooling down 
and b e coming 
more dense. 

It is an amazing 
instrument. 



HOW THE MOON CHANGES ITS POSITION AND FORM 


Moon as it appears to^ 
observer on the Earth 


I 


Half the Moon 
Yilluminatedbh 
\ Sun'S raijs 




Th« picture-diMgrum on Uio left show* why the Moon does not always appear to us as a bright disc. The Sun is not drawn to scale. Of course, the 
half of the Moon upon whidi the Sun shines is always completely uluminated, but when Sun and Moon are in the relatiye positions shown with 
fffaid to ourselyes, wo cannot see the whole of the Moon’s nemiophere which is lighted up, but only part of it, and so it appears to us as half a disc. 
Other positions make the bright part of the Moon appear to us as lets than hall a disc, or more than half. This .Is explained m detail on page 478. 
The Moon moves across the sky with considerable speed, as can be seen in the photograph on the right. On this plate eaposuree were made about 
every ten minutes, and we can see the progress made by the Moon and how, With the motion of tha Earth.' it seems to ascend as it goes 
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CATAPULTING AIRCRAFT WITH STEAM 


When an aircraft takes off under its own power from a 
carrier^ the ship must be turned so that its bows are into the 
wind) while the aeroplane must have a clear run for the full 
length of thi* flight deck. This system has the great 
disadvantage that the number of aircraft that can be put 
into the air in a given time is limited^ and aircraft cannot 
take off if the carrier is stationary. Accordingly the Royal 
Navy introduced the steam catapult in 1956. The drawing 
below shows how the device works. The aircraft to be 
launched is positioned by means of rollers over a slot in the 
bows. Below the slot is a piston moving in a cylinder 
supplied with steam from the ship’s engines. The aircraft 
is then attached to the front of the piston by a hook and 
strop which is fixed to the bottom of the undercarriage. 
The pilot takes his place in the cockpit, and, after he has 
started up his engine, signals that he is ready to take off. 
Steam at high pressure is then released into the cylinder and 
forces forward the piston and the aircraft attached to it. 
When the piston reaches the end of the slot, the hook is 
disengaged from the aircraft, which is then shot over the 
bow and becomes airborne. The carrier has two catapults, 
one on either side of the bow, and when not in use they are 
retracted flush with the deck. By using the steam catapult 
it is possible to launch a squadron of twelve aircraft in 
a matter of six minutes. 

The steam catapult has been adopted by the United States 
Navy and is used for launching the Matador guided missile. 
This consists of an unmanned, rocket-propelled aircraft 
which can be loaded either with high-explosives or an atom 
or hydrogen bomb. Matadors are brought by lift from a 
magazine adjacent to the catapult and can be mounted 
automatically on to the launcher. The whole procedure of 
launching, starting up the Matador, and releasing it from 
the catapult is done by remote control, so that the carrier 
crew is not exposed to radiation should the ship itself be 
under atomic attack. When the Matador is airborne, it is 
guided towards its target by radio- control and its course 
can be followed on a radar screen. 



ll ' ' 
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Above (right) an Attacker is forced by steam catapult along the flight 
deck of H.M.S. Eagle, and (left) another aircraft is positioned over 
the catapult slot. Below, a Sea Hawk becomes airborne at the 
moment of disengagement from the steam catapult. 
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COASTAL ROCKS SMASHED UP BY THE SEA 



The sea is never stiU, and all round our coasts it is busy at work. Generally it is breaking up the coastline, except at those places which 
ate protected by sea walls or breakwaters built by human agency. At other places the sea is building up the shore by piling up on the 
beach the fragments of rock that have been broken away from other parts of the coast. In addition, at many places the land itself is 
being upheav^ slowly so that the sea recedes more and more. In this photograph of the Pulpit Rock, taken at Portland Bill, in Dorset, 
we can see how efficiently the sea does its work of smashing up the rocks. It is aided by frost and rain, the water which gets into the 
cracks being frozen in severe weather, and forcing the rock apart. When a particularly heavy sea dashes against the rock, as when a 
fierce gale is blowing, heavy masses like that shown leaning against the Pulpit Rock are hurled down, and soon get broken up into smaller 
fragments. The inclined block leaning against the isolated pillar gives the illusion of a staircase leading up to the pulpit 
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HOW THE FLASHING LIGHTNING COMES 

Lightning may be caused in several ways, as by a volcanic eruption or a dust storm. But the most frequent 
cause is the heat storm in which the atmosphere becomes a huge electrical generator, rising air and falling 
rain interacting and causing the lightning. Here is the latest knowl^ge about lightning 

M en of science are always studying John F. Shipley, who is an authority Thundcrstoriiis arc often associated 
the phenomenon of the light- on the subject, points out that the with plateaux and hills, for a wind 
iiirig and are constantly finding initial energy is provided by the Sun\s blowing against these will cause an 
out new facts about it. radiation, which evaporates water from upward vortex. Such a change of 

It was thought until quite recently the sea and from damp and forest areas. direction of the wind always gives ris<^ 
that the clouds in a thunderstorm wore 1‘he warm air containing moisture to a good deal of turbulence and may 
charged with electricity, the top part rises and condenses and (eventually easily be the starting-point of a 
with positive and the lower part with forms the towering cumulo-nimbus thunderstorm. 

negative electricity, and that the air cloud of the thunderstorm. The warm, moist wind pours into tlu^ 

was an insulator. When the charges The clouds may often Ixi seen form- rising column and what goes on there 
became t>owerful enough to break down ing at the sea's surface and ten minutes has been described by aeronauts. I'ht* 
the insulating effect of the air it was after the warm, moist air risers in aircraft is raised and dropped violently 
believed thc^y leapt over the gap as a columns, while another ten minutes again and again and bombarded with 
spark, and that spark was the lightning, sees the ('.loud rapidly expanding. '''Flu? rain and hail, while the noise of the 
The most recent researchejs, however, transfer of energy in such a cloud warring elements is terrific. It was 
suggest that this theory is incorn^ct. formati(3n,'* explains Mr. Shipley, “ is such a storm that the great American 
Scientists now believe that the clouds on an immense scale. For instance a airship Akron ran into, and before long 
are perhxd (Electrical insulators and cumulo-nimbus cloud, about three it was driven down to the .sea and 
that the air is a slight electrical con- miles in diameter and rising three miles, wrecked. 

ductor. might easily ho lifting 2Ck>,o(x> tons of When the moisture laden air reaches 

Tlui electricity of the lightning is wattEr, and if it took an hour the horse- the cold upper nygions, the water 
energy and the energy must comtE from power us(Ed in that lift alone would be vapour is condensed into drops and its 
somewhere. What is its .source ? Mr. about 180,000 ” tmergy is releas(xl. 'I'he drops then 



A remarkable photograph of lightning passing almost perpendicularly from the clouds to the Earth, at Elizabeth Castle, Jersey, in the 
Channel Island. The flash on the right has many branches, and in form is vbry similar to a fibrous root in the soil. The principle of 
movemeitt in both cases is the same. There are slight irregularities in both the soil and the air, and just as the fibres of the growing root 
follow these in the one case, so the flow of the electric current follows the irregularities in the air 
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WONDERS OF LAND AND WATER 


begin to fall but as 
they come clown they 
meet the vortex ch 
rising air which carries 
them uv> again. This 
iiesults in the big rain 
drops being broken up 
and eiecHnlied, but as 
they are carried up 
the’ fact that they are 
electrified causes them 
to unite again and 
down they fall once 
more, "J'hc operation 
is repeated and Mr. 
Shipley helps us to 
understand what hap 
pens. 

" Kach time a drop 
is shattered," he says. 
" its dropU'ts become 
p o s i t i V e ly electrified 
while the correspond* 
ing negative charge is 
carried oft by the air. 
This prcK'ess is cumu- 
lative and ve^ soon 
the electrical difference 
of potential between 
the two separated por- 
tions of electricity Ir;- 
comes very intense. 
When the stress Ixj- 
tween the positive and 
.negative portions thus 
separated reaches 



A photograph showing the great Empire State Building in New York, the tallest 
building in the world, with lightning playing about its summit. No damage was 
done to the building. Being built of steel it is in itself a good conductor 


about 75,000 volts an 
inch a small portion 
of the intervening air 
l>ecomes so hot that 
it becomes a small 
conductor and gets hot- 
ter still, owing to the 
current flowing in it. 

The mass of posi- 
tive electricity is held 
by raindrops, but the 
negative portion is 
held by the molecules 
of air and these nega- 
tive discharges of elec- 
tricity gradually be- 
come distributed 
throughout the cloud 
mass by the turbulent 
conditions which have 
already l)eca described. 
This negative electri- 
fication may, therefore, 
reach such an intensity 
that a breakdown may 
occur to earth." 

In tropical regions 
accumulations of elec- 
tricity often discharge 
to each other in the 
tops of very high 
clouds. Sheet light- 
ning is sometimes the 
flood -lighting of the 
clouds by a succession 
of these flashes. 


A RIVER OF ICE B ECOMES A RIVER OF 



This photograph shows the torrent of water issuing from the end of the Grindelwald glacier in Switzerland, where the ice is melting. It 
is as though a tong block of ice were pushed towards a hot stove melting as fast as it arrWedL The glacier is moving forward all the time, 
but the end mnains at nearly the seme point, tt is not quite stationary, however, but retreats or advances with changes of the aeason 
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Because it can fly wy slowly with safety and even remain hovering above the ground, the helicopter is one of the most useful of 
** working ** aircraft. Here we see the helicopter which was used in 1952 to lay a x,250«ft. power cable across a densely -wooded valley 
on the Herefordshire side of the Malvern HiU$» England. In the ordinary way, much time and labour would have been spent in cutting 
down hundreds of trees and in making paths, but with the helicopter the actual paying-out of the cable was done in flve minutes, aira 
engaged only eight men. The drawing on pages 2368 and 1369 explains how a helicopter is flown. 
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Screws are checked for accuracy by comparing an enlarged pro- A technician using a scale model of the House of Commons to 
jection of the thread with a template. test the ventilation ot that building. 



This equipment is used for measuring the sound-absorbing The ** dock ” in the ship tank» showing models waiting to be tested 
qualities of different materials. by instruments on the travelling carriage. 



This building houses the laboratories and workshops of the Ph5r8ic8 Division of the National Physical Labdratory at Teddington, Middlesex 
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WHERE THEORY IS PUT INTO PRACTICE 


L ess than a mile from Hampton 
Court Palace, Middlesex, and 
near the famous Chestnut Grove, 
is Busliey House. This chanw'teristic 
tieorgian* building, once the home of 
William IV, hardly suggests the latest 
developments in applied science. But 
historic Bu.shey House* is the head* 
quarters of the National I’hysical 
Laboratory at Teddington, where 
scientists and engineers now carry out 
research programmes to solve a host (if 
industrial problems. 

Queen Victoria pre.sented Bushev 
House to the Koyal Society in igoo as 
headquarters for the then recently 
formed National Physical Laboratory 
which in 1918 became part of the 
Department of Scientific and Industrial 
Research. 

To-day the National Physical Labora- 
tory has a, staff of over 600 (’xperts in all 
branches of scieiitihc and technical 
knowledge^ who work in a scon* of 
buildings sprts'id o\cr 23 acres of 
ground. The futidamcntal purpose of 
thc! laboratory is to break down the 
barrier betwoem theorv and jmictice 
and to effect a union betwc'cn science 
and commerce. 

Guarantee of Accuracy 

Although the National Physical 
Laboratory’s initials on an article an; 
the vseientihe guarantee of the maker’s 
claims for its accuracy, the layman 
seldom hc'ars of the work at Bushey 
House ; vet upon it depends the safety, 
stability and efficiency of hundreds of 
everyday things. Ask tecJiiiicians any- 
where in the British Commonwealth the 
meaning of the initials N.P.L. on 
chronometers, capacitors (condensers), 
wave-meters, or any other measuring 
instrument, and you will be told : 
“ Without those initials, precision and 
ex|>eri mental work would be im- 
possible.*’ 

The work of the laboratory is spread 
over eleven main departments or 
divisions : Aerodynamics, Klectncity, 
Engineering, Light, Mathematics, 
Metallurgy, Metrology, Physics, Radio, 
and Ship. Each division is in charge of 
a scientist specially qualified in his 
subject and under him he has a staff 
of technicians and engineers. 

Metrology is the scientific name for 
measuring, and in the Metrology Divi- 
Hi<m accunicy is a cult to which the staff 
devote their working lives. They do 
not reckon precision in thousandth.s, 
but arc satisfusd only when they achieve 
accuracy to millionths of a degree. 
This exactitude controls all standards 
relating to mass, length, time, area, 
volume, density and pressure. 

One of the chief concenis of the 
Metrology Division is to carry out the 
periodical comparisons of the British 
Standards of length and mass for the 
Board of Trade. This ensures, for 


example, that when you buy a pound 
of sugar in one grocer’s shop it should 
weigh the same as a pound of sugar 
liought in another grocer’.s .shop. 
Similarly, the .standard yard measure 
in the Metrology Division makes it 
possible for IJie law to insist that a 
yard of cloth Iwuight at one draper shall 
be exactly the same length as a yard 
of cloth purchased at another draper. 



This instrument is called a cavity resonator 
and is used at the National Physical 
Laboratory to measure the speed of light. 

The standard yardstick is a length 
of specially alloyed metal, but as it 
shrinks and expands with changes in 
temp(?raturc, it is not always the same 
length. Accordinglv, the National 
Physical Lalx^ratory is experimenting 
with a device that uses the wavelength 
of light, which never alters, to fix an 
absolutely constant standard of length. 

Watchmakers send their watches and 
clocks to be tested at the Metrology 
Divi.sion, as do the manufacturers of 
measuring glasses for medicine. The 
reason why engineers can always be 
sure that when they buy screws to fit 


certain sized holes the screws will be 
the right fit is because the Metrology 
Division has a machine for testing 
standard screw gauges which can deal 
with screws up to ton Icct long. 

For v(*ry fine engineering and 
scientific work it is sometim<\s necessary 
to draw extremely thin lines. To do 
this the Metrology Division has a 
machine that <'an rule nearly 30,000 
lines within a space of oik,; inch. 

Without accurate surveyor's tapes 
for measuring land it would be? im- 
pos.Hiblc to produce tlie plans used when 
laying out the foundations of new' 
roads or buildings, b'very surveying 
ta})c u.si'd in (beat Britain is tested in 
tlio Metroli^gy Division to an accuracy 
of one part in a million. 

Ships’ chronometers, upon which 
depend accurate navigation at sea, are 
S(*at to Teddington to have their lirni*- 
kee])ing accuracy tested. The examina- 
tion lasts 60 days ; ten in a tempera- 
ture of ; ten iu a troj)ical heat of 
100", t(m in a refrigerator at ; and 
another ten days at a temperature of 
The chioiunueter then spends 
the remainder of its stay at the labora- 
tory having its time keeping carefully 
compared with a standariJ ('lock. 

Testing Thermometers 

When the doctor takes your tenqiera- 
turc he knows that the temperature 
registered must be correct, for his 
thcrmonu*t(jr had its accuracy tested in 
tlie T^hysics Division of the National 
Physical Laboratory. Every month the 
Division tests 40,000 clinical thermo- 
meters by lowering them into electric- 
ally-heated baths and then checking 
the reading of each with a master 
thermomet(;r. 

In the radiology section of the 
Physics Division are delicate instru- 
ments for measuring the strength of 
radiation from radio-active materials. 
The.sc instruments have establi.shed a 
basis of calibrating X*ray dosimeters 
used to govern the strength of X-ray 
treatment in nu'dical cases. The radi- 
ology section also tests the protective 
value of rnatciials used in X-ray in- 
stallations, and measures the safety 
limits of radiation that can be received 
by operators working with X-rays and 
other radio-active substanct^s. 

Another .section of the Physics 
Division has instruments able to 
measure the strengtli and loudness of 
noise, and the staff draw up and put 
into practice methods of reducing noise 
and its effects. A fully equipiicd mobile 
noise-laboratory is maintained for 
measuring sound transmission and its 
absorption in buildings and factories 
anywhere in Britain. 

Measuring colours is also one of the 
activitie.s of the Physics Division. 
With the help of an elaborate typo^of 
spectrum it is possible to separate 


shades of c<^l()urs into their primanes, 
and sc.) Iho propcjrtion of tints in 

any particular shade, A colour key has 
bf*en compiled as a series of numbers, so 
making c?asier the problenjs of ])aint 
manufacturers, who now have at their 
disf)osal sj)ecifications for 57 standard 
colours. That is why when you ask a 
decorator to paint a room apple green, 
for example, lie can buy apple? green 
paint at two or three different shops, in 
the knowledge that the paint from each 
should always be of the same colour. 


1,000,000 volts and a generator able to 
induce an electric current at a pressure 
of '2,000,000 volts. Another instru- 
ment, which has a screen like that of a 
television receiver, is used to give a 
moving graph of the effect of lightning 
discharges in the neighbourhood of 
|X)wer cables. 

Researches into the physical and 
mechanical properties of metals and 
alloys, their cemstitution and structure 
is the principal function of the Metal- 
lurgy Division. This branch of research 


designing structures likely to be ex|x>secl 
to high winds. Three wind tunnels, 
which reproduce on a small scale, with 
models, the wind conditions likely to be 
encountered by the complete! I building 
are used by the laboratory. 

Other tasks of the Engineering 
Division incl title experiments to decide 
the best streamlined shapes for motor 
vehicles and railway engines, and there 
are instruments for testing the efficiency 
of gears and of steam and internal-com- 
bustion engines. With a view to pre- 


'flie Light Division of the National 
Physical Laboratory is responsible for 
the fact that wdien you purchase an 
electric lamp marked at 60 
candle-power, it will give a 
light equal to that of 60 
candles when switched on. 

IVoper lighting i.s of the ; 
greatest iinptirtance in the j 
everyday life of the ! 
community, and the Light 
Division is constantly trying 
to improve the methods t)f 
illuminating factories, offices, 
art galleries, coal mines, j 
streets and docks. Other | 
work of the Division is 
concerned with the design 
and improvement of ships, 
navigation lights, traffic 
lights, and railway signalling 
lights. Other tasks under- 
taken by the Division include 
the determination of the 
candle-txiwer of electric and 
gas lamps, motor-car head- 
lights. red reflectors for 
bicycles, etc. All these are 
tested tt) make sure that 
they meet legal requirements, j 

i 

Optic Section ! 

In the optic .section of the 
Light Division are carried 
out tests of all classes of ! 
o]>ticaI instniments, such as 
telesco]X!S, biniKulars, sex- 
tants, theodolites, and photo- 
graphic lenses and shutters. ^ 

One of the most imjxirtant 
departments of the National ' 

Physical Laboratory is the j 
Electricity Division, which ■ 
fixers and maintains the ^ 

British legal standards : the 
ampere, the volt and the on t< 

ohm. In addition to these 
primary standards, called the 
e.G.S, units because they are based 
on the centimetre, gramme and second 
units of length, weight and time, the 
Division maintains the .standard 
measures of capacitance and inductance. 


has many aspects and includes the 
.sy.stematic examination of the effects 
of heat and mechanical treatment on 



Engineers rely on this machine for the accuracy of the nuts they 
screw on to bolts. It checks the diameter and thread of the gauges 
used in the manufacture of the nuts. 


metals and alloys during their manu- 
facture. 

Closely related to the work of the 
Metallurgy Division is that of the 
Engineering Division, for it carries out 


venting accidents, the Division in- 
vestigates the causes of failures of chains 
and other lifting tackle. 

^ The Engineesring labora- 
\ tory also has an ingenious 
machine that te.sts steel 
springs until they break, and 
equipment for determining 
why machinery and struc- 
tures sometimes collapse 
bccau.se of metal " fatigue.'' 

Wind Tunnels 

Aircraft manu facturers 
anxious to try out new 
develoj^ments in design 
have models of the proposed 
aeroplanes tested in one or 
other of tlie Aerodynamics 
Division's wind tunnels. 
There arc fourteen of these 
tunnels of various si/.es, and 
one of them is able to repro- 
duce on a model aircraft the 
conditions encountered by 
an aircraft breaking through 
the sound barrier. 

Instead of having the 
model aircraft moving 
through the air, a model is 
su.speuded from wires in the 
middle of the tunnel and 
wind blown against it. Twin 
propellers force down a 
stream of air through the 
tunnel so that it strikes 
against the model. By con- 
trolling the flow of air 
through a slotted screen, 
artificial gales and air eddies 
are reproduced to scale, and 
their eflect in the model 
established by recording 
instruments which measure 

1 nuts they ter^.sion of the wires sup- 
fh* porting the model airemft. 

the gauges efficiency of 

yemr sound or television 
receiver is due to the work of the 
Radio Divi.sion, which also carries out 
research in radar. The articles on 
pages 340, 1208, and 1443 describe 
and illustrate the * results of sucl> 


Electrical measuring instruments such 
as voltmeters, ammeters, w^attmeters, 
and equipment such as fuses and light- 
ning conductors are tested in the 
lUectricity Division's lal:x*»ratt)rie.s. 

In the Division's high-voltage re- 
search laboratory is a transformer that 
can produce an electric spark of 


research into the reactions of metals 
when put to practical uses, as in the 
erection of bridges, steel-framed build- 
ings, ships, Itxjomotives, etc. 

Research relating to the pressure of 
wind on structures is continuously 
carried out by the Engineering Division 
to provide details needed by engineers 


research. 

Automatic control devices, described 
and illu.strated on pages 261, 1257, and 
1259, are the concern of the Electronics 
Division. 

The work of the Ship Division is 
explained and illustrated in pages 
^ 5 ^ 57 * 
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THE INTRICATE NET OF CROSSING RAILS 

Not the least wonderful part of a railway system is the crossing of the lines where many tracks meet. These 
crossovers are masterpieces of railway engineering, and passengers owe a great deal to the technical staffs 
for the safety and comfort in which they travel, crossing as described here many tracks without inconvenience 

T he most costly part ot a railway must be most carefully' designed aiKl ticular lorni. Beliind e\ ery switcli 

track to build and maintain i’s carried out, so that the, wheels ot the there is what is known as an acute 

that which contains many trains may pass smoothly and easily crossing, while aiiotlier lorin called the 

switches and crossines. The switches iicross th<* lines. If the trains jumped obtuse crossing is used only in diamond 

are for the purpose of diverting a train <md shook, as they might easily do crossings, where one track goes right 

from one line of rails to another, while with ill-arranged crossings, the passen- across another. 

the crossings permit trains to go across gers would soon cry out at tlxe dis- HyMising mt)val)l(‘ diamonds — that is, 
a number of rails. comfort. But there iiii scarcely any diamond-sliaped sections of rails — 

It is when wc see a great crossing more inconvenience in passing over a which can be shifted either way, so as 

like that shown in the photograph on great crossing outside a terminus or to give an unliroken path for the 

this i>age that we reali.se to what at a junction than there i.s in travelling wheels through the crossing, the comfort 

marvellous perfection the rciilway along a clear set of rails. of the lyissengtjrs is greatly enhanced, 

system of th<' country has been brought. Tlio problem in crossing is to allow Many of the crossings are very compli- 

If the jwople who "grumble on foggy of the free passage of the wheel flanges, catccl, but in all cases they work with 

mornings as they com(^ into I.onclon for railway wheels are quite unlike smoothness. 

or some other great city for their those of ordinary vehicles running on 11 may not Ix' known to'all that every 
daily work, and are held up for a few the flat. 'I'o give free passage to the loot of the tnuk of a British railway 

minutes because of the mist, would flanges it is necessary to leave a consider- on which jxassc^nger trains nm is 

think for a few mornents of the compli- able gap between the rails over which examined daily by platelayers, who 

cated network of rails over which the wheels travel. The \vht‘.el newer sec that everything is in perfect order, 

their train must pass, they would, has to jump at'.foss a tjpace, for, owing It is this care which makes the English 

instead of grumbling, Ixj full of praise to the width of the fli^nges, these are railways so free from accident. Tlu; 

for the railwaymen who can land them always supported on tme rail or another. track is divddod up into sevdions, 

safely at their platform. Different names ^ givtTi to tlic each in charge t)f a ganger with a 

These crossings wath the switc lns crossings, accord ing>\ |to their ])ar- body of platelaycTs. 



One of the largest railway crossings in England. The photograph shows the mase of tracks outside the Central Station, Newcastle 
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THE GIANT CLOCK THAT EVERYONE HEARS 


B ir. B}:n (loc.^ not look \ cry w hen 
seen from the pavement, hut as 
it is high up in the great ("lock 
Tower of the ffoiis<*s ol J'arhcnnent, 
which at its pinnacle towers 320 teet 
above the gronm). i1 musi be verv Jargi* 
to htj seen. \s a matter of tact, Hig 
Ben is one of tlu^ two or tliree largest 
clocks in ( Treat Britain, ami for a long 
time it was actually tlu* biggi'st. 

'I he four dials ot Big Ben are each 
23 feet in diametiT, tlieir centres [jeing 
r8o feet from the ground. Tin* hgures 
are two fiH't long, and the minnte 


'I'hc gr<‘at bell on which the clock 
strdu's the hours, and which like the 
clock itself is id.so called Fiig Ben. 
weighs r j.] toirs, and the hammer that 
strdees it wcMghs ^ ewts. It was the boll 
itself tliat was first calknl Big Ben, 
after Sir Btmminin Hall, and later the 
nanu' \sas giv'en to tli€‘ clock as well. 

'the four <jiiarter bells lu the clock 
lower weigh nearly 8 tons, but thev are 
not (spial, llieir v\ eights being 3 tons 
rK cuts., r ton 13 cwts., t ton b cwts.. 
ami T ton i cwt. 

On pages 520 and 521 \ve see how tlu* 


tray,” he said " is fixed about half-way 
down the pendulum, and when the 
clock is losing slightly a halfpenny or 
penny is placed on the tray. This makes 
the p<niduluni vibrate slightly tnore 
<)uirkly, and gradually brings the clock 
to tini<\ It the clock is gaining a half- 
pminy or a penny is removed.” 

The first blow on Big Ben at each 
hour denotes the exact hour, and it 
takes a fifth of a .second for the .sound of 
the bell to reach the bottom of the 
tower, and two seconds for its note to 
reach Trafalgar Sipiare. 



These pictures give us some idea of the size of Big Ben, both the clock and the bell. On the left we see part of one of the clock 
faces on one side of the tower, and on the right the great bell with the hammer that strikes out the hours. The human figures help us 
to understand the great sizes of the clock dial and the bell. The bell is cracked and there has often been talk of recasting it 


spaces Iwdwet'n the hours cover an art^a 
of one square foot. 

The minute hands are 14 feet long, 
and weigh about 2 cwts. each. They 
are made of copper, and in the course 
of a year each minute hand travels a 
distance of a hundred miles, that is, a 
greater distance than from London to 
Coventry. The hour hands are nine 
feet long and are heavier than the 
minute hands. 

The pendulum is 13 feet long, and 
its lH>b w^eighs 4 hundredweights. The 
weights of the clock are nearly 2J tons, 
and it is not surprising that the 
winding in the old days of hand- 
winding was a very big job. Nowwlays, 
Big Ben is wound by electric motor. 


great clock works and rings Big Ben. 
and also how' the sound is broadcast all 
over the world. 

The chimes are set to these lines : 

All through this hour Lord be my jguidc, 

And by Thy power no foot shall slide 

Big Ben is a wonderfully accurate 
clock. As the Astronotuer Royal 
pointed out .some time ago, tluriug a 
year its time w^as chr*t^ked on 288 days 
at Greenw'icb Observatory, and on 
only 21 days did its error reach more 
than one second. Such a reconl is 
unique for a ^rcat tower clock which is 
working continuously. 

'Phe Astronomer Royal explained 
how the error is kept so small. “ A 


Big B<m is not now the largest clock 
in Kngland. Thu biggest dock in 
London is that on the Shell-Mijx tower 
on the Embankment, Its face is 25 
feet in diameter, but whereas Big 
Ben's hands arc 14 feet and g feet, the 
new clock’s hands measure only 1 1 J feet 
and 8 1 feet. 

Two other big clocks are those of 
the Royal Liver Ihiilding in Liverpool, 
and the Singer Building on Dy debank. 
The former is 220 feet aliove the 
ground, has dials 2^ feet in diameter, 
minute hands 14 feet long, and the 
weight of the four pairs of hands is 
2 teJns. The ironw^ork of the dials weighs 
15 tons, and the glass 1 ton. The Singer 
clock is 26 feet in iliameter. 
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A STEAMBOAT WITH A RUDDER AT EACH END 



It is not g;eneraUy known that the* fine paddle steamers of the Gener<il Steam Navigation Company that carry passengers every day between London 
and such seaside places as Southend, Margate, Ramsgate, Clacton, and so on hav^ a rudder at each end of the boat. They are known as bow and 
stern rudders, and each is operated by its own steam-engine controlled from the bridge by its own wheel. The reason for hiving two rudders is to 
facilitate movement in the Thames. At certain states of the tide the ships have to swing in the wide reach of the fiver off Blackwall and come 
up to London backwards for the rest of the way. By having two rudders the bolt can be steered well and move rapidly in either direction. The 
bow rudder is used when the ship is going astern. In order to minimise mechinical risks direct coupling is used between the wheels on the bridge 
and the operating steam gear. The lower pictures show the two rudders with their, operating gear and shafting, and the top picture show.; 
how these rudders are worked from the bridge. It is important in narrow congested waters like the Thames that passenger vessels should thus be 
provided with the means to manoeuvre with accuracy and ease, for any slight misjudgment on the part of the captain or pilot might lead to trouble 
with other vessels passing up or down. It must be remembered that though the Thames looks a fairly broad river, the actual channel available for 

ships using it in the passage to and from London is not very wide 
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Baskets are mostly made from a kind of willow called the osier, and Next the peeled withies are placed in the sunshine to dry. They 

the finest osiers are grown in England After being cut the willow are, at this stage, called “ buffs.’* Here we see them being 

rods, or withies, arc soak^ in water and then peeled collected after drying. They are then sorted according to siae 



First the bottom of the basket is woven together, and then upright Once the foundation has been laid, as shown in the previous 

rods are fixed firmly to it and thinner rods worked in and out picture, the rest is soon built up to the reouired height. On the 

as the worker in this picture is seen to be doing right of this picture can be seen a number of finished baskets 



At ttie top of the basket the ends of the upright rods are bent over to form an edge. Basket-making can be d^ quite weU Iv the 
This has a stout rim, so that it wUI not become frayed by wear and tear. The man on Wind, and here we see a Wind workw nnishiiw 
the left has just finished his basket. The making of a basket is a one man Job a clothes basket which he has made himself 
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THE GREAT WONDER OF A BIRD’S FLIGHT 

Man has made remarkable strides in recent years in the conquest of the air, but the bird has been master of 
the air for hundreds of thousands and probably millions of years. Its mechanism for flight is wonderful, and 
far beyond the skill of man to imitate. It is not by copying the birds, however, that man has conquered 
the air, but by following quite a different principle, that of the straw hat which the wind lifts from your 
head and carries for a considerable distance. Here we read some interesting things about the flight of birds 


I T is by means of its feathers that a 
bird flies. It is interesting to note 
that when it is in flight tJie heavy 
organs within its body arc kept well 
<k)wn. while the wings and lighter 
organs arc situated much higher. Jn 
this way the cenlr <3 of gravity i.s kept 
low, so that Iho bird, suspended in th(‘ 
air, is very much like a wclI-baHasted 
boat suspended in tlie water. 

But the bird has wornlerlul control 
.)ver Its body, and when it shoots 
upvviird, ])hmge.s downward or turns, 
it dties so by altering and adjusting 
rajhdly the position of its centre of 
gravity Phis is done in various ways - 
by expamiing the wings, by moving 
the shoulder joints batkvv.ird or hir- 
ward, liy movements of the tail, or by 
contracting or stretching its nw k 
'rin' bird has more lontrol over its 
flight than human beings have over 
Ifiei! walking and running iuoveni(*nts. 
Of course, in a heavy gale the wind 
in:n* liml a bird against an obstacle, 

1 ' , , 


jiLSt as it may blow a man over the 
edge of a chit. Tn the ordinary way, 
liowevi’r, a bird is neviT upset in flight. 

'i'he flight of a bird in the air is 
sometimes eompared with the swim- 
ming of a human l>eing in th<^ water, 
but the an.ilogy ts not a good one 
.\ human being in the water can float 
on liis back, but no bird can fly or 
float 111 tlie air breast up|HTmost 
'I'he shape of its botly and tlie position 
of its internal organs prevent this. 
A few birds, like tlu' tumbler pigeon, 
can turn a back somersault m the air. 
but this inovetnent has to be done very 
quickly. 

All birds, ol course, arc heavier 
Hum ail. au<l in otder to start a flight 
a binl must «‘Keft gn*at wing-power. 
If it wcie not heavier than air, it could 
not fly in the true sense ; nor l oiild 
lurds of prey shopt down with lightning 
like rapidity upon* their victims. 

Soin<‘ birds citp veiy heavy in pro* 
fiortion to their iize. 'Fhc swan and 


the goose are e.\amples of this. Yet 
these liirds fly w'ith a gran; and speed 
that an‘ astonishing. Jf we wuitch tlv'in 
rise from the water, their movenemt 
.seems jKinderous and difficult, but they 
soon get undtT way and tlu^n .sail along 
gracefully 

I'he moveimmt of the wings is not 
merely an up-and-down motion. 1 'hey 
are spread and folded and paitly 
rotat(xl, and tluy glide backwards and 
forwards as well, the whole motion 
conijiressing tlu‘ .ut beniiath the bird 
and lumping to sup}>ort it as it mov’(*s 
up or forward. 

One of the most remarkable birds m 
lliglit IS the little hummmgdurcl. It 
IS the tiniest of all binis, and yet m 
pr()|x>rtion to its size' it has very Ion ; 
wings, and its muscle are exceedingly 
|K)werfiil. The action ot the wings in 
flight is so amazingly rapid that it is 
cpiite impossible to lollow them with 
the eye. 'Phev appear as mere misty 
films 



HOW THE LADYBIRD ACTS AS THE FRIEND OF MAN 


T hk latiyl>ird. or as it is called in 
America, the IndybuR, is a p^reat 
friend of man, ior it fif^hts the 
insect enemies that prey upon the plants 
he cultivates. 

We all know what a pest the aphis or 
greenfly i.s in an English garden ; how 
the roses are spoilt by myriads of thest‘ 
tiny insects. Well, the ladybird hunts 
them and devours them in large num- 
bers, and wherever ladybirds a])pear 
they should be treated as friends and 
allies. 

While the lamiliar ladybird with its 
brightly-coloured wing-cases and sjxits 
eats th<‘ greenfly, it is really the larval 
stage of the insect that does most good. 
A picture is given on this page of the 
ladybird larvat so that those unfami- 
liar with it may know this friend when 
they see it on their roseliushes or else- 
where. Often people with no know 
ledge of insects think this larval lady- 
bird is an (*aemy and they kill it. d’hey 
are really doing an injury to themselves 
as gardeners. 

There arc several specie.s of lady- 
birds in England, some with two spots, 
some with seven spots, and some with 
more. Some an' red and some are 
yellow. 

In California the ladybird is an even 
more useful ally of man in fighting the 
greenfly, which in that genial climate 
preys on all sorts of valuable plants. 

It was known that the ladybird 
devoured the greenfly, but unfor- 
tunately the ladybirds in California 
appeared a mouth or two before the 
greenfly each year. The American 
scientisfs therefore set to work to think 


of somtj way by which they could bring 
the ladybird on the scene later than 
Nature arranged. 

*' If,” .said they, " wc can find wdiere 
the la<iv birds hil)erTiate and bring them 
away from their sleeping places to a 
cold buihliijg, we could keep them 
sleeping on through the early months 
of the year and wake them up alxnd 
April, when the groeiiliy gets busy and 
multi] )lie.s. In this way the armies 
of ladvbirds would begin their attack 
u])on lh(‘ greenfly just when those pests 
wen* mas.scd for the assault on the fruit 
and (dhei crops. *’ 



The larvce of the ladybird which devour 
the greenfly enlarged slightly 


Search was made, and with the aid ol 
much patience and industry the hiber- 
nating luiimts of the ladybirds were 
found up in the Rocky Mountains. 

Now every year men are sent with 
mules up into the snow-clad mountains 
in winter. They gather the sleeping 
ladybirds by the million, pack them 
into sacks and bring them down on the 
inulc.s, into the plains. There they are 
taken to a building known as the State 
Insectary and put into cold storage, so 


that instead of waking up in the early 
part of the year they will remain asleep 
till Api il or May. 

Directly the scientists get in formation 
from the farmers and fruit-growers that 
the greenfly has appeared, they take 
the ladybirds, put them in a warm 
place to rouse, them out of their sleep, 
and then divide them into batches of 
about 33,000, which they pack into 
boxes and send to tht^ farmers. 

The farmer is delighted to get his 
supply, and lets these allies loose in the 
orchards. The ladybirds have had no 
food for half a year, and having also 
overslept, are naturally more hungry 
than usual, 'fhe residt is that tliey 
.irc very voracious and start devouring 
the greenfly al once. 

The experiment ha.s proved a great 
succ(‘ss, and the collecting of the lady- 
l)irds ha.s been going on winter by 
winter for twenty years or more. 

The collectors start off early m 
NovTinbcr, and generally And Die lady- 
birds among the pine needles on the 
well <liaine(l slopes close to running 
watei . 'I'he work is of the utmost im- 
portance to the fruit-growing industry 
of California, and the holding back of 
the ladybirds ior a month or two by 
Hitting them in cold storage has in tiie 
ast twenty years saved hundreds of 
thousands of pounds to the fruit- 
growers and farmers. 

In England it ha-^ always been dimly 
recognised that the ladybird or, ,is it 
is c lied in some parts oi the country, 
the ladycow. is a friend. Popular 
rhymt's and sayings regarding it reler 
to it in friendly terms. 



THE EDIBLE MOLLUSCS OF GREAT BRITAIN 



Such molluscft ^ the oyster, mussel, scallop, cockle and whelk are common articles of food. But there are other edible molluscs and 
here are 33 British molluscs which form excellent foods : x. Common Mussel. 2. Periwinkle. 3. Ear Shell or Sea Ear. 4. Painted 
Scallop. 5. Razor Shell. 6. Common Whelk. 7. Banded Snail. S. Wood Snail. 9. Limpet, xo. Sea Wing. ix. Common Scallop. 
X2. Cockle. 13. Warfy Venus. 14. Pullet. X5. Red<-nose Cockle. x6. Common Snail. 17. The Apple, Vine or Roman Snail, 18. 
Gaper. 19. Trough Shell. 20. Piddock or Clam. 2t, Heart Shell or Oxhom Cockle. 32. Setting Sun. 23. Common Oyster 


M39 





ANIMALS HEALTHY & HAPPY IN CAPTIVITY 

M ost animals can be as liealthy three fine cubs. No tif'ross had brt'd The female hippopotamus plunged 
ill captivity a.s they arc in the in the 1-^ndon Zoo tor many years. into the wiiter to attack the watering 

wild state. Indeed, such Whipsnade young animals are able engine, and the keeper bc'gan to pump 

animals as the hon aiicl tiger lieconie to live in ideal natural surroundings, the water into her face. This caused 
much finer whcai they aie well fed in a which make lor their survival anti her to rlive, and so gave Mr. l^artlett 
ZOO than when they' are living in their healthy growth. time to esaipc with the baby, 

native stat(‘ and have to hunt for their The upbringing ot young animals is As the little beast weighed nearly a 
food. No wild lion has siieh a magnifi- often a great problem for the zoo hundredweight, and was as shppiuy 

rent mane as the lions that are seen in officials. Many years ago at the and slimy as an eel, and further began 

zoological gardens, and certainly th<‘ Ixmdon Zoo a female hippopotamu.s to struggle with all its might, it was 
coat of a wild tiger is never as lino as gave birth to a baby, and as all <lid not not an easy task to pick it up and carry 
that of a j)roperlv k(*pt captivi* oni' seiun to be going well with it the super- it oft quickly. 



A tigress at Whipsnade and her litter of three healthy young cubs enjoying a sun-bath in the open-air of their home. 


Circut improvements in the housing 
oJ wild animals in captivity have Ix'cn 
brought about in the last half century. 
It was Carl Hagenlieck. the German 
naturalist, who, wuth his famous zoo 
at Hamburg in the early 20th century, 
led the w^ay in the proper keeping of 
wild animals. 

But the formation of the 500-acre 
open-air zoo at Whipsnade, in Bedford- 
shire, by the Zoological Society of 
Ixindon in 1931 was the greatest ad- 
vance ever made. It soon bore fruits in 
the production by a tigress of a litter of 


intcudeiit, Mr. A. H. Bartlett, decided 
to remove it irom its mothin*, a task of 
some danger. 

'Vhe mother hippo|K)tamus had 
always shown a disliKc for the garden- 
w’atering engine, so Mr. Bartlett ar- 
ranged for this to bt‘ wheeled into the 
house in a direction that would, if the 
mother hippopotamus followed it, take 
her into her tank. The arrangement 
was that if she went into the tank a 
keeper should close the gates upon her 
while Mr. Bartlett slipped into the den 
and carried off the big baby. 


However, sucre.ss attended the effort, 
the baby was placed in a warm room 
on a bed of liay and covered wdth a 
blanket. Two goats supplied it with 
warm milk, which it t(X>k from a 
feeding-bottle, and for a time it lived. 
But unfortunately it did not survive 
for long. 

Much greater success attends the 
rearing of young animals now under 
the improved conditions and with the 
increased knowledge that has been 
gained in recent years from the studies 
of scientific men. 
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Th. ^ A^<i. i. Un,. MrJ., ■>. .».» 

’.SiSX'iir 5.^7 r^’^S'S'.h^'SSTScr ■'x *ss ^ 

with its beak. The general colour is brown, mottled with grey • • them These eggs vary in colour from dark 
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A RIGHT WAY OF USING NATURAL FORCES 



Ail around us we see ways in which man is using: the forces and powers of nature for beneficent purposes. Were it not for the fact that 
men of science » working patiently » often at great risk to themselves, had wrested these powers from Nature we could not to«day travel 
comfortably at fifty or sixty miles an hour, as the passengers in this express train are doing. Nor should we have radio and the tele- 
phone and the cinema and a thousand other benefits. But we must always remember that such powers can be used for evil as well as 
for good. The wars of 19x4- zfi and X939-45, with their lamentable destruction of life and property, were proof of that. There is no bless- 
ing that cannot be misused-~*motor-cars and printing and the cinema and broadcasting and so on — but if we all strive for goodness and a 
better world we shall be doing our part to insure that the powers of Nature as they are won shall be used only for good and true purposes. 
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HOW RADAR “SEES” INVISIBLE OBJECTS 


sphere. The answer was about 70 miles. 
Eleven years later, in 1935, ^ team ol 
scientists under Mr., later Sir, Robert 
Watson Watt, was experimenting at 
the Government Radio Research 
Station, Slough. Tiuckinghamshirc, to 



The map below is of the entrance to the 
River Mersey, and the lights on the screen 
(above) are the “blob®"’ reflected when the 
radar impulses strike the river banks 


A s you can read in the article on 
page 1367, there is a layer of the 
atmosphere surrounding our earth 
which has the property of reflecting 
back to the ground the electro- 
magnetic waves that carry raditj 
signals. Now, meteorologists believe 
that the height and electrical density 
of the various layers of the atmosphere 
have an effect upon the weather ; 
and that Ixdief saved Crrcat Britain 
from disfister in the first year of 
the 1039-45 War. 

In 19^4 two Britisli scientists. 

Sir Edward Appleton and Doctor 
M. A. Barnett began trying to find 
out just how high were some of 
the atmosphere layers. They had 
decided that if they could transmit 
a certain type of radio signal 
straight upwards from the ground, 
and then pick up its echo or re- 
flection back to earth, they would 
be able to measure its distanci; 
from the ^jarth by calculating the 
time that signals took to make 
the double journey. 

Radio waves tra^•el at the spryd of 
light, i86,<kk) miles a second, so it 
would be quite useless to transmit a 
radio signal and then time with a sto]> 
watch how long before the echoed pip 
was heaul in a receiver. An eiTor of 
one-hundredth part of a second would 
have made a difference in the calculation 
of over <)oo miles. 

Accordingly, Appleton and Barnett 
designed a special type of cathode-ray 
tube, very like the screen of a television 
receiver. They then arranged for a 
spot ol light to sweep backwards and 
forwards across the face of the cathode 
ra>’ tube at a fixed speed and in a 
straight line. Thus, if the spot of light 
moved across the glass face in one- 
thousandth of a second, they had a thin 
line of light re])n».scnlirig a distance of 
186 miles. 

Next the cathode-ray tulie 
was connected to a radio 
receiver at Oxford and tuned 
in to a radio transmitter at 
Bournemouth. It was then 
discovered that eveiy time 
the Bournemouth transmitter 
broadcast a pip, the spot of 
light on the cathode-ray tube 
at Oxford gave a slight flick(;r; 
but even more important, the 
kick or flicker on the tube 
was always followed an in- 
stant later by a second 
flicker. As only one pip was 
transmitted at a time, this 
proved beyond doubt that the 
second flicker was a reflection 
or echo of the first. 

By measuring the distance 
between the flickers on the 
line of light across the cathode- 

my ^reen ^PP]«J;pn and ^ operator is watching on a Cossor Plan Position 

;^u*nett worked out the height lAdicator a ** picture’* of the Mersey ahd instructing by r^io- 
of the reflecting layer of atmo- telephone the captain of a ship moving through the fog-bound river. 




find out what effect the reflecting layer 
of the atrnosph(‘re liad on the wtMther. 
Their work was very similar to that 
imdertaken by Sir Edward Appleton 
and Doctor iWnett, but their ecpiip- 
ment had been greatly improved. 

Then one day, while watching the 
pips appearing on tlu‘ cathode ray 
screen, Mr. Watt noticed something 
very strange indeed. A series of flickers 
suddenly began moving on the 
screen and represented ec'hoes 
tJiat Iiad returned far too soon to 
have travt'lled hack from an\" 
atmospheric Iayt?r alwivc tlie i*arth. 
There was only one explanation 
the radio signals were being re- 
flected back to th<‘ receiver from 
trees and houses some com])ara- 
tivolv short tlistanci' away. 

Further experimt'uts proved 
that the radio signals w^ero being 
echoed from a large building a 
few miles distant. Most pHXiple 
would hav(! been content with 
finding out the cause of the un- 
expected echoes ; and then to have let 
the matter rest, h'ortunately, Watson 
Watt remembered something else. 

At that time aircraft were able to 
travel at speeds up to 350 miles an htmr, 
and for a country that might have to 
defiMid itself against air attack this was 
a serious threat. The only methods of 
detecting the approach of hostile air- 
craft was to see them or to jrick up with 
sound locators the noise of their engines. 
High-flying aircraft are difficult to see 
even with the best of binoculars, while 
picking up the sound of aircraft was 
not always reliable, and unless the 
listener was well-trained ho was apt to 
confuse the sounds of enemy and 
friendly aircraft. 

The only sure way to detect hi>stile 
aircraft and shoot them down was to 
have fighter aircraft constantly patrol 
ling the approaches to a target. This 
needed enormous numbers of 
fighters and was c.xtremely 
wasteful of petrol and time. 

On the other hand, if some 
means could be found tc' 
detect enemy aircraft whih* 
they were still a long way 
from their target, the defend- 
ing fighters could stay on the 
ground until it was known 
from which direction the at- 
tack was coming. This w'ould 
give the fighters sufficient 
time to take off and reach tluj 
place where they were most 
needed. 

When Watson Watt found 
that radio signals could be 
reflected from buildings and 
other objects on the ground, 
he decided that there was no 
reason why they should not 
be reflected from moving 
objects such as aircraft. In 
co-operation with the Royal 
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Air i’orco, hf iTiade a Tiunibcr of 
(*x}>eriTDC!iits which proved funi tr) be 
]>€'rfccily right, 

d'fius radar came into 1 mm ng, and \t 
was the fact that it was in b(‘ing at the 
outbreak of the 1939-45 War that the 
Battle of Britain was won by the Hf)yiil 
Air Korco, Radio detection of aircraft 
was at hr.st called radiolocation, and it 
was not until much later that the now 
better-known name radar " came into 
use. Radar is an abbreviation of a 
Servdet* phrase " rail 10 detext ion and 
ranging “ Various .systems of radar 
wore used throughout the 1930- |5 War. 
but tliey all worked iu the same wav 

Bnhkeradio used for sending messages 
or for broadcasting sound or television, 
the radar transmitter and receiver are 
locab'd at the same place, and often 
use the .sanu* aerial. 'Fhe receiver is 
tuned in tor " listening " all the. time, 
but the transmitter sends out its signals 
only a sery small part of the time, 
rhese signals or, more correctly, energy 
pulses, are tran.smilted in very intense 
Imrsts of short duration, each pulse 
lasting only a millionth of a second. 

Alter each pulse tlie transmitter 
automatically swatches it.self ott for a 
few thousandths (»f a second before 
sending out the next pulse. During the 
interval between the pulses the re< eiver 
IS working, and the signals it picks up 
on its cath(xle-ray tulx* are the echoes 
or rv’flections of the transmitted im 
inilses Irom nearby or distant objec ts. 

Near objects give eclioes coming very 
soon after the transmitter pulse is 
fimslu'd ; those farther away give later 
echoes. The time betw'eeii the trails 
mi.ssion of the pulse and the receiition 
of its echo gives the distance of the 
object reflecting the echo, 

'I'ho elaborate electronic equipment 
that makes it possible to measure the 
time iK'tw'een the transmission of a pulse 
and the reception of its <xho is one of 
the great achievements ol radar. Since 
the speed of the impulse is )8(>,ooo 
miles a .second, or 328 yards every 
millionth of a second, and since tlu^ 
imjndse must travel twice, tliere and 
back, an object i,ooo yards from the 
ladar trcinsmittcr and nxoiver will give 
an echo in six JmilliontJis of a .second. 

M<!vertheles.s, and despite lhe.se fan- 
tastically tiny fractions of time, the 


j)crio(.l between pulse and echo can be 
measured to witliin onc-thirticth of a 
millionth of a second. Put in another 
w'ay, this is an accuracy to wdthin five 
feet of every mile of distance. 

Having w'orked out a method of 
measuring the time interval between a 
pulse and its echo, the scienti.st had to 
devise some means which w'ould give 
the direction of the target. This is done 
bv giving the radar .set a directional 
aerial ; that is. one that .sends out the 
pulses in a narrow beam, like that of a 
searchlight. The aerial is rotated as 
the pulses are transmitted, and the 
echoes arc received wdien the aerial is 
pointing directly at the target. 'I'he 
echoes, or flickers on the face of the 
catliode-ray tulx* are .stronge.st wdien 
the Ix'am points directly at tlie target. 

The navigational bearing or direction 
of the aerial is also the hearing or 
direction of the target, and is auto- 
matically regi.stered on ( lulls. 

At the outbreak of the !93<) War, 
a chain of radar stations Jiad been set 
u]) round the coast of Britain. The sla- 
tii>iis tran.sniitted a w'ide and powerful 
beam of radar impulses out to sea and 
were able to reconl the presence of anv 
aircratt in the sky while it u*as still 
many miles out ot sight. 

At first, radar could not flistiiiguish 
between friendly and eiiemy aircraft, 
both ol which echoed tJie impulses in 
the same way. Kvenlually this problem 
wa.s overcome by the invention ot a 
.small radio transmitter fitted to allied 
aircraft. Immediately an aircraft fitted 
with onti of the Iransmittc'rs came 
within radar range, the impulses caused 
it to transmit a radio signal which 
ulenlified the aircraft as a friend. I'he 
type of signal transmitted could be 
altered from hour to hour, so that there 
was 110 danger of the cucTriy using it 
to fly under false radio colours. 

Radar was next develojxd to sight 
guns. A direc tional rotating aerial was 
electrically linked to the elevating and 
travel sing mechanism of the gun. As 
the imjiulses were reflected back on to 
the cathode-ray screiui of the receiver, 
niovoment of the aerial wns 
followed by the gun. A gnjjih on the 
screen gave the height, distance and 
speed of tlie aircraft and at the right 
moment the gun opened fire with a 


reasonable chance of hitting a target 
the gunners could not even see. 

Radar-controlled guns were used on 
battleships at sea and by field artillery 
firing against land targets. Another 
type of radar set was installed in air- 
craft so tliat enemy aeroplanes could 
btJ detected. 

Unlike most military w^eapons, radar 
has conferred valuable benefits on the 
peace-time activities of the woild. The 
drawing on page 340 and the article on 
page 1208 tell you how radar is used to 
“ see airliners ajiproaching an aero- 
drome and how au airliner can land on 
a fog-bound airport. 

By means of a Plan Po.sition Indicator 
like that illustrated on the previous 
page, a |Mjrt control officer can guide 
ships into fog-bound riv(*rs and ixirts 
and direct them to a .saft? berth. With 
a Plan Position Indicator, the radar 
echoes are caused to draw a map of any 
particular place on the cathode-ray tulx?. 

Although the radar operator is seated 
in a comfortable 100m ashore, it is as 
if he were suspended high above the 
fog area but able to look down through 
the fog to “ see " the scene spread out 
below. .No matter how' many objects 
are there, each is indicated by a blob 
i>f light on the face of the lube. Blol)> 
which do not move arc the banks of the 
river, or buildings, w^harves and shijis 
at anchor, while llie moving blobs are 
shqis gro])ing tlicir way into tfu* jxirt. 

The whoh* j>i(‘1ure of the port and its 
activitie.s is ivflected biuk on to tlu* 
screen by the echoes of the impulsi's. 

Using the radar e(juipment shown on 
lh(‘ previous page, the oj>erator can juck 
up any ship moving in the IVlers(‘v anrl 
give to its master by radi<>-tt‘lephonc 
information about every moving 01 
stationary ohje<‘t in the T()-mile-long 
channel from the Bar Light ves.sel to the 
dock aica. If the mosing blob on tin* 
radar screen indicates that the- shij) is in 
dtingei of running into anything, the 
operator can tell him how to altt'r 
course to avoid it. 

.At s(‘a, sliip'-. use radar to find t lion- 
way safelv past all kinds of otherwist^ 
hidden (langers. IcelxTgs, floating 
w'reeks, and other obstacles can be 
picked up by .ship’s rad.ir long before 
they are close enough for the vessel to 
collide witli them. 
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GENERAL INDEX 

The figures printed in itedics indicate that there is an illustration^ while the Roman figures refer to the text 


A BBSRATIOX ol LUrht. 391, 

^ Abonuinin* fourth momach of 
ruminant, 919 

Abnu. plant, day and night positions, 
17S 

Aooaleratfon, testing effects on human 
body, 707^6 

Aeoaatory noita, defined, 804 
Aeonmnlitor, facts about, i26t> 
Aoerotharinm, OUgoccne animal, titib 
Aoatylena Oat, for lighting, 229, 230 
Aoidi, testing for with litmus, 2^6 
Action and Beaotion. See Reaction 
Adder, or Viper, ti 
Adhetion. See Cohesion. 

AdJaUnt Bird. all about, 1073 
Aerial Photography, and maps, 1194 
Aerial Ropeway, 603, 604 
Aerolitiee, meaning of terra, 524 
Aeroplane, causes of noise made by, 
*337 

delta wing, 1376 
-freight rarrying, ujo 

- high speed, J203 
-how controlled, 437 
how landed in tog, 
jet engine, 

launched by catapult, 
looping the loop, noi 
-turbo-prop, airliner, 134b, 1347 

- what happens when in thundercloud, 

1427 

Aeroplane Fleet ol the Plante, io 
Agar-Agar, seaweed, uses of, 341 
Agaric, edible fungus, 433 
Aggregate Frnitl, defined, K04 
Agrionltnre. machinery for, 794, 795, 

roSH, T340 

Air, acts as a brake on meteors, 109 
—H mixture, 1143 

— at great heights, effect on our blo<K), 
121 

— circulation of, in a room, 11$ 
—column of, vibrated in wind instiu 
ments, 113, 114 

-- 1 ompressed. See (Compressed Air 
■ iliRercut densities cause mirage. 
ftjb, If 37 

- cxpeninenU showing it is matter, 22 

— how made impure, 6 <Hf 
how made liquid, /6s 

- how moisture gels into, 630 
—liquid, boiling point, 1242 

'-necessary to plant growth, 448 
--^-purificd m cinema, 771 
'..iiuples of at great heights, Sot 
-seeds need. 920 

—weight of, in Westminster Hall, 1 3H8 
Air OomprcMor, for air lift and water 
bupply, /.? 5 J 

Air Conditioning Plant, m cinema, 77 r 
Aircratt, high speed, 1203 
Aircratt. big lights to guide, 8qi 
Aircraft, refuelling in Right, /240 
Aircraft catapulting, 142 <s 
Air Lift, for water supply, 1233 
Airmen, testing effects of high speed and 
acceleration 011, 1076 
Airven, testing effects of high-specil 
and acceleration on, J076 

Air Pressure, all about, 423-4^7 

and diving-bell, 7059 

' — and siphon. 3<}fi 

- at vanous heights, 1026 
dangerous effects in a tornado, 100 

— —experiments with, H94 
in big pneumatic tyre, 379 

— - in pump, 2i 

on sail of boat, and reaction, 1140 

Air-pump, operation of, 42 3 ^ 426 
Air Spaed Record, F.D. 2 , 1203 
Alabaoia. Confederate cruiser, /J99’- 
X401 

Atohama Claims, aii about. 1399-1 40 j 
AiarlA Mnus of seaweed, 341 
Alarm dock, compared with old time- 
pieces, 244 

how it works, 589 

Baird Glacier, 382 
Albatross, preys on flying fish, s66 
Albino, term explained, 762 
Aloohbl, boiling point, 1342 
Aloyona. star of Pleiades, 759 
Aldebaran, star, 130, 415, 982 
Alcria, young trout, 614 
Algtc. form of plankton, 800 
Algiers, Bombardment of, 1244^ 124.^ 
Aim star, /JO, 42.5, 982 

Alimentary Canal human, length ol, 

— —of sheep, length of, 919 
Alhallsa testing for with litmus, 249 


Almonds, facts about, 1418 
Alpha Raya 7057 
Alps. avalanches in, 29 
— chamois in, 742, 74 i 
— glaciers m, 384, 38s 
— history of formation, 304 
— strange apparition seen in. #6« 
Altair, star, 718, 9S2 
Altar Volant, form of helicopter, 24 
Alternating Onrrent. converted into 
direct current, 798 

Alternator, fur grid electnficatiuu. 41*1 
Alto-Oamnlus, type of cloud, 887 
Alto-Stratus, tym of cloud, S86, 887 
Alnminium. in Earth's crust. 340 
—•malleability of, 57 j 
—soldering, T407 
Amason, sir view of, 448 
Amblypod. Horned, Eocene animal, 

7 770 

America, discovery of, 442 
American Colonies, how they broke 
.away from England, 1093-1096 
Ammonia, experiments with, 412 
' how to make from •ioda and '.ai- 
aiiituuniac, 24ft 

—use of in Refrigerator, 1282, tj8 f 
Ampere, Andrd, experiments with mag- 
netism, 398 

Amperee. compared with flow ol water, 
1023 

Amplifier, for sound films, 7. 8 
Anatomy. See no4ly, human 
Andes, natural bridge m, 1190 
Andromeda, consiellation, /jo. 41^, 
7tS, 982 

Andromeda Nebula, 199, 200 
Andromedid Meteors, 109. no 
Anemometers, wind gauges, how thev 
work, 470 

Anemones, sea, facts about, 375 
Aneroid Barometer, all about, 4^7 

scll-recor*ling, 348 

and radio ‘><mde, 1026 

Angle ol Incidence, and Light, xoij^ . 
Angle of Refleetion, and Light, xoxy 
Angler Fish, facts about, 7305 ; 

Animal, world’s biggest on land, $Si 50 
Animal Life, in different latitudes^ fffl, 
J83 ' 5 

•'"Tree of, 7733 

Animals, how Man domesticated 

— iinks^ between species of Old sai 
New Worlds, 68 ? 

—modern methods of trcatii|(f" ti 
captivity, 1440 i 

—why they are fierce, 9 
Annealing, of wire, 1411 
Annelids, sea-worms, 974 ;• V 

Annular Eclipse, explained, ash '< 
Anode, m Crookes’s lube, 1363 v 
Antarctic, scenes in, 308, io8g , ^ 

Antares, star, 7/.v 
-diameter and volume of, 788 
— sjxe of, 1 090 

Ani-Batcr, prominence of Sun, isd 
Antennae, of bee, 670, 672 
Antheridium, male organ of fern, jiu9 
Antherosoid, male germ of fern, rtoo 
Anthers, of Meadow Sage, 848 
—of plant, 57 

Anthraoite, prepared by machuxerv. 
J34t 

Anti-Aircraft Onn and radar, 2 443 

proximity fuse, 293 

Anti-Aireraft Rocket, 1075 
Anticlynal Fold, explained, 1393 
Anticyolonee, all about, 303, 1171. 1172 
Antimony, fragility of, 316 
Aorta, great artery of body, 7047 , 1044 
Apes, use of hand, 1323 
Aphis, ladybird preys on, 1438 
—woolly, tacts about, 1233 
Apple, spoilt by Codlin moth larva, 345 
—what it IS made of, 94 
-"Wnnkles on and Earth’s crust, 772 
Apidei. grafting, in cultivatiou of, 403 
Apmetrec. and woolly aphis, 725.7 
Arachnids. Zoological family, 2^5 
Archaeopteryx, earliest form of bird, 7/3 
Arehigoninm. female organ of fern, 

7 709 

Archer, constellation. S22 also Sagii' 
tarius, 42. 728, 982 

Archer Fm 80 

Arehimedee. idea ot lever moving 
world, 3 

• ••invente method of finding volume 
of solid body, 740^, 7406 
Areot, capture and siege of. zoxo, ton, 
tort 


Arotnras, star, 475, 71H 
distance from Earth, J2s<i 
-•heat received from measured, 466 
-light from opens Chicago Exhibition, 
1237-2089 

—position found to have changed 
since mapi^ied by Ptolemy. 392 
-speed of, 1259 

Arc Welding, facts about, 1019 
Argo, constellation, 474 
Ariel. moon of Uranus, 152 
Aristoloehia, amount of water given off 
by leaf, 873 

Ariiona. curious weathered rock in, 386 
— meteor crater in, 322, 325 
•|»etrified forests of, 694, 693 
ArkwHght, Riehard, invented roller 
spinning machine, 7067, 1062. 1063 
Arm* as a lever, 4 
Armada, all about the, 579- 4^3 
Armature, for electric t*ol1, tto 
— in loudspeaker magnet, 99 
— of electric clock, 946 
Armouring Machine, for electric r.'ible 
tuakiug, 840, 841 
Armonr piatea fogging of, 413 
Arrector Pili, term explained, 7(12 
Arsinoitherlum, Eocene animal, tiio 
Arteries, bow supplied by iieart, 1041, 
1042 

Artesian Wells, different type-^ of, 959 
Arum, WUd. See Cuekoo-Pint 
Asiento. term explained, 1 ^lo 
Association Centre, of br.iin, (>73 
Assouan, Nile dam at, 87s, 879 
Asteroid, gravitation pull of, 4< 
Astrographic Chart, all about, f>i.\ 04 f 
Astronomy. also Sun, Mo<»n, 

Earth, etc. 

—Its importance to everyone, 44 
—Ml. Wilson Observatory, ti/, 83/, 
7?76 

— plaiiatariuiii, 1274, 

— world’s ItirgnHt telescope, 326. 1 / fo 
Atohi, form of chamois, 743 
Atiantic, type of locomotive, 8 48 
Atlantic Ocean, mouutam range lu, .‘>7/ 
Atlantis, lost continent, 87/ 

Atlas, early methods of map making. 

Atmosphere. See also Air 

— cffei.t of, on Earth, 13 

— -exteait of, above Earth, 80J 
facts about, Hoi 

-•gets thinner as we go higher, 547 
— how it woiks for ub, tj 
•• bow made impure, 681 
—111 proportion to rest of Earth, 340 

— -lack of, on moon, 15 
-makes sky blue, 957, 938 

moderates cosmic rays, 1348 
— particles diffuse sunlight. 957. 95A 
•••pressure of, 1388 
• splits rock, 906 

— tem|H*raturp at different heights, .Vf»7 
— Upper, and cosmic rays, A'oi, 1348 
■ — U])per, and meteorology, 801 
— Upi)cr, how exanuiiod. Hot 
— Upper, how studied, 1026, 1420 
Atmospheric Preseure. effe* i on hoiimg- 
point of water, 347 

on our bodies, 425 

Atoll, See Coral Island 
Atom, ali about, 1123, n»6. ttt7 
— and cosmic rays, 1348 
—apparatus used for breaking, 1727 
— explosion of, 962 

— * factory,” scenes in, 332 
— industrial uses, 1057, 1038 
— in electric cell, 1263 
—mostly empty space, 1123 
—releasing energy of. 7725, 1126. 1127 
—various parts of, 7724 

Atomio Numberf. of elements, 7747 
Atonic Power, Caldcr Hall. 332. 494, 

— ^)<funroay. 1128, 1129 

Atomic Reaction, bow it is brought 
about, 494 

Atomic fiubmtrioe, all aboui, 924 
Atomic Weights, of elements, tut 
Atoms, distribution of in Space. 241 
Auricles, of heart, 7047, 1042 
Aurora, all about, 806-808 
— due to Sumspots, 366 
—spectrum of, 807 
Aurora Australis, 806, 807 
Aurora Borealis, 806-808 

— —frequency of occurrence m Great 

Britain, 807 

Australia, aborigines with boomerangs, 
ioo4 


Austral^, Afghan camel driveis in, 1293 
• artesian wells, 872 
bull ‘roarer used by aborigines. 1008 
-Captain Cook visits, 1122 
desert region, facts about, 7293 
ilingo, 1232 

-^kangarooK in, 428-432 
piickly pear, 874, 873 
—rabbit pest in, 11.43-1155 
-rhundcrbolt Caves, Queensland. 558 
Avalanohe, tacts about. 28 , 29 
Avoirdupois, term explained, 1268 
Axe. Iron, how it can float, 463 
Axle, development of. 37^ 

- foini of levrr, 5 


Bsokbona of man and ammals, 38 
Bacon, constituents of, 406 
Bacon, Francis, account of Lambert 
.Simnel, 444 

Bacteria, and nitrogen cycle, 7070 

- and penicillin, 1272 
help til feed fish, 800 

Badderlocka edible aouwoed, 34T 
Baily^e Beade. soLu phenomenon, 687 
Baird Glacier, 

Bakery, Machine, all about a, 706, 707 
Balance. .See Scales 
Balance, centre of, m brain, 327 
—difficulties of keeping our, 86 /. 864 
•compcnsati'd, of watch, 54 
mysteries of, 13 3 3 
Baliol, John, King of Scoilatid, 271 
Ball, boiinciiig, (.lets about. 1202 
-flight through air, forces governing, 

why needed by ship. 34 
Ball Bearing how they lessen b'lction, 
201, 202 

- - -used III steam brush, too 

various home us»*s gf, 376 

Ball-cook, how it works m a cistern, too 
Ball. John, preacher, 330 

Balloon, and study of atmosphere, 1026, 

1420 

• and pH engine, 248 
-- and parachute, 2H5 
—altitude reroriK, 1420 
lirst fri'e flight, 1420 
-for exammiiig upper atmosphere 
7026 , 7420 

— for stuclving weather, 7026, 2420 

- toy, expcnmenl demonstratitig an 
pressure, 425, 426 

toy, expamfs when heated, txbo 
BaU Valve. of vaciiiiiii brake eylindei, 
072 , 9/3 

Baltic, type of locomotive, 838 
Bamboo, all about, 320 
Banana, facts about, 1183 

- what It K m.sdo of, 94 

Banana Bkin, why we slip uu, 863 
Band Conveyor, 602 
Band Saw, cndlnsh, 703 
Banff National Park, Canada. 3H2 
Bannockburn, battle of, 237 
Banyan Tree, world’s largest, 300 
Barbary Ooriain, story of, 1243 1243 
Barberry, plant, and wheat rust, 5731 
.S74‘ .575 

Barge, how towed straight, 7783 
Barograph, all about, 348 
Barometer. Aneroid, all about, 4^7 
—'.nid boiling-point of water, 347 
— automatic, loaO 
—mercury, 149 
— why It falls during cyclonie, 

Barrier Reef, a formation of, 826 
Baealt, continents said to Boat on, Mo.!* 
—rock, seen in Giant^s Causeway, 444 
Baiketf, balanced by fruit porters. 13. 

— ]iow made fruju. osiers, 7436 
Bathyeoaphe. dircp-x«a diving machine.. 

Batiering Riuni* used to demolish uki* 

St. Paut'ft, 8x0 

Battery, olectric. facta about, 1265 
—electric, voxiou^ Hinda ofv t266 
•"Leclanchd. for eteoteic l>eU, 120 
Battle in tha Wood. how diMUse 111 
vades us, 123. 

Bayonet. eaJdy use in British Aximy. 859 
Beai^ how waves break on, 32 
Beaohy Head, erosion of, 906. 907 
— — quecr'Shaped rocks, 683 
Beam Steam Bngine. alt about, 633 
Bean, ronmmn, life-story of, 92s 
—experiment with growth of. 458 
—jumping, all about, 574 
—plant family, all about, 1069-7077 
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Beta, pirtdiK'tion of new kinds of, ij6o 
-'-runnrr, what il r; rnacle of, 94 
Betns. f;roivn mi lninp*j{ldSK. gao 

— «!tan(,l»r(l him* for < nai, gjio 
Bttr, itonrs of paw, /ja.s 

• Syrian, faois about, 1327 
Besrfnurt. b nation tn, not 
Baautort 8eal« for KauK'in^ force of 
wind, 470 

Beaulieu River, c«mrse of, gjo 
Beeket, Tboma# archiushop of Canter^ 
bury, mi rn^ 

Bede, the Vniorablc. iranslator ot 

(lo^ppl, (>ti8 

Bee. all about, (ibg f>t2 

— body of. 675 
danre, r»6o 

■I frolic, hhg, h'jy, 1 p>4 
fettilisiuK eorntnon bean, gJi 
fortdi'UMK fiorse. 1^05 
fcrlilisinp Meadow Sa^e, 
f('i tiliHiii^f fredod, 57 
yiub, development of, f)0g, 671 
“ hatchin« of, 8 j8. ftjg 
’ hind leu of, SjS 

— honey ftathciing. 1303 
■pmt'pri in hind leK, /704 

■ i»ollen basket, 

■ pnneesseH, rio4 

- Queen, fat ts about, fiay Sjg 
stiUK I'omptired with needle, 84S 
-swatniMp; of, 1304 
-fouKue of, <570 
wax inakiUR, 827, 

---win{»-hooks. 670 

work Ml hive. 8^7 82 o» r,?oa-iJ04 

Bee Bread ’* (oi 

Bee! constituents of. 40A 
Beehive, tnudo a, rjitJ 
tnltiiior of a, 8jg 
-life in a, 827-821), 1302-^304 
—ventilation of, 1302, 1303 
Wiiter-supply, f 7,704 
Bee Milk, luets about, 828 
Beeiwax. function of tn hive, 677 
—how made in hive, 827, 828 
Beetle, world’a lnrf;c»t, i/50 
Beetroot, produom^ ^u«ar from, 2082^ 

1 083 

Beffonia, leaves ot, 34^* 

Belt, electric, how it worku, 120 
Mibmarinc, for warning ehips, 295 
Bell-buoy, f*n6 
Bellowi, hU about, 725 

- -ot orcan, 6 s 4, <155 
Ben-pall. as lever, 4 
Belli, how made and tuned, 540 
how riiiiff and chimed, a.74 
Belie, lot driving machinery, 834, 855 
Beteniee*! Bair, consieltatiou, nebulae 
^ocn In, igf 

Berl-berl. duinaHe, cured by vitamins, 
712 

Ben&udaa, breeding place of eels near, 
4^3 

Berry. tyt>o of truit, 804 
Beeeener Syetem, of steel production, 
204, ao5 

Beta-raya, behaviour of, 1057 
Beteigeux, star, /jo, 4/5. g8a 

— slac of, rogo 
—star, diameter of, 78B 
Blble^ English, story of, 

—making of Authorised Version, 611 

— price of hand'Writtcn copy, 387 

— title page of first odition of Authorised 
Version, 610 

Biehromate Battery, 1266 
Bloyele, principal of the free wheel, 
expialned. 5 

Blevote tyre, eirw^rimeni, 92 

Biela’x Oomet, 60 r 

Big Bea, tiell, weight of, 531 

— —how It works and strikes, 530, 5*2 

— - el/.e of, 74J4 

—clock, accuracy ot, 1434 

>a(I atioui, 7474 

Bigceet Living Thiog in the World, 59 
iBflltard Balts, elasticity of, agj 
Billiard Marker, used in making star 
maps. 643 

Bills ot Mortality and Great Storm, 

lUnery dtar. whai it is. 241 
iBlodweed (couvolvulus). bow fertilised 
by moth, 408 

Binoculars, prismatic, tacts about, /aoi 
'Biot, Jean. ext>eriinents with sound, 
rOQ 7 

Birch, tree, amount ot water given off 
by, 84 5 

Bird. of. 7<i4. ' 43 ? 
iBieOn American, ouU, 6g8 
-*^facts about, rjg 

iBlaokherry, crossed with dewberry, 
— IhornlesH, 2236 

— white, produced by tutber Burbank, 
' 7 C ;|7 


Blackboard, and cohesion experiment, 
A30 

Black Death, the, all about, 277-379 
Blackguard, onprni rif torm, 441 
Black Bole of Calcutta. <^tory of, of*?- 
970 

Black Prince, the, 30K, 309 
Blacksmith, at work, 5/7, 
Bladderwtack, cdiiilc seaweed. 747 
Blanket, why it keeps us wiirin, 8g2 
Blast Furnace, for making iron, 204, 

J03 

Bleeding, hnw Nature it, i2j 

Blenny. facts aiiout, 11H4 
Blewits, edible fungus. 47.7 
Blissard. m ICngland, damage done by. 

8/fi 

Bloater, ('onstiturnts of, 400 
Block and Tackle, working ot. 64g-633 
Bloek-maJdng. ait aixuit, 596. 397 
Block System, of radwnv signals, rr68 
*• operaled by trams. 7/62 
Blood, a iMttle in the, jjj 
-all about the, 73 7 123 
-< oni position of, lai 

— how It .liters rfl great heights, 121 

— human, tini<* taken in rireulating, 
1251 

— Its work in our bo/lies, 121 

— wh.-it gives it its colour, lai 

— what happens 1»> it when taken from 
our bodies, 7 21, 732 
— why it dots, 722 
— why il is red, 122 
Blood Plates, what they are, 122 
Blood Vessel, corpuscles in, 122 
Blossom, fruit, facts about, 7293 
Bluebell, Common, all about, 697 
Boa-Constrictor, green, jyr 
Boar, wild, a mxtcli fur tiger or leopard, 
830 

Boat. how it sails against the wind, 7003 
— reaction experimont, 7740 
— why dangerous to stand up in, 34, 

—why It floats, 838 
Bobbin, of scwing'inachinc, 766 
Bode’s Law. of planetary difUance*, 
1187, ri88 

Body, human, actual value of, 374, 223 

— anatomy of, 38, 746 
—as factory, 747 

— chumical composition ot, 215 
'-•composition of, 274, 315 
— how kept working, tj86, 1387 
--importanrr of to the mind, 215 

— parts without blood vessels, 1042 
-« proportion of water in, 1231 
Bog, quaking, how formed, 302 
Bohemia, blind King of, at uatfle of 

Crecy. ,709 
Boiler. Cornish, 97 
-fire-tube, 97 
—pressure gauge for, 945 
— safety-valve for, 945 

— water-tube, 97 
—what It IS like inside, 97 
— of locomotive, 7.750, 7557 

Boiling Point. Fahrenheit, Centigrade 
and Reaumur, 795 
- — of various liquids, 1342 

— ' -of w-iter, vunalions in, 347, 1242 
Boiling Water, all almut, .747 
Boletus, edible fungus, 4,7.7 

Bolldee. meaning of term, 524 
BombsheU. burst t^v ice, 957, 658 
Bones, of hand, 7735 
Bonfire, how it bums, 334 
Bonne's Proieetton. 4(>7 
Bonnie Prince Obarlie, adventures of, 
^ 930-944 . . r. . j 

Book, first ever printed m England, 

.f8«) 

Bookl. old methods ot reproducing, 387 
Boomerang all ulKiut, 1004 
Bootes, constellation. Sti Herdsman 
Boot Maker, hand sewing, iHH 
Boot Manulaotnre and sewing machines, 
767 

Boots, how they are made, 18H 
Bore, for water supply by compressed 
air, 775 J 

Bores, on rivers, 824, 823 
Boscobel. Charles 11 at, 750, 75^ 
Boston Tea Party, all about, 7095-7096 
Bottle, uncorked by Sim, 550 
Bouncing, of ball, vanes accurdittg to 
SIM lace, 1202 

Bourdon Steam-gauge. 94,^ 

Bow. violin, all about, 238, 259, 260 

— violin, patterns made nv, 9,14-956 
Bow and Arrow, illustrate elasticity, 

50*1 

Bowl, floating, used tor telling time, 444 
Boy., carrying load, example ol equub 
brill m, 34 
—lift* the world, .7 
Boyne, battle of the, 859 
Bract of Meadow Sage, S4S 


Braio. behaviour of during sleep, 613, 
614 

— function of when wc sing, J71V 

— human, 746 

— hiinu'Mi, w»»rk of different parts, ,737 
— tdfartory 01 smell, ccnii'c of, 2.7 
—theory that fish is gtwid for, 8po 
Brake Morse-power. 144 
Brakes, auUunatie on Tube Railway, 
ft 06, nay 

— vacuum, of train, gij, 9/j 
Wesliughnuse, 48 j, 49? 

Branches, of pl.mts, that resemble 
loaves, 365 

Bread, constituents of, 406 
— how mucliino-bakcd, yo6, ypy 
— wraptung loaves by niuohinrry, 741 
Bread Fruit, attempts to transplant in 
West Indies, 1173, 1178 
Breakfast, s<Mircrs of food for, 877 
Breaking, why easier with some sub- 
stances th,M» <»rherR, H20 
Breast Water-wheel, 477 
Breathing, and smell, 1181 
— functions of, 346 

— system of In bee, 672 
Breeches Bible, 610 

Breeder Reactor, atomic power station 
at Dounreay, 1128, 7739 
Breese, different strengths of, 470 
Brick, how to see through a. 05 
Bricks and Mortar cohesion between, 
719 

Bridge, natui.tl. fossilised tret. 694 
— natural, made, by water. 13H 
Bridges, natural, 7790. iigi 
Bridgwatttr. and Monmouth's rebellion, 
814 

Blight, John, and Industrial Revolu- 
tion, 106s 

Britannia Airliner. 7.747». 1347 
British Empire. Dawn of the. 657-6.(0 

— - false sir.e of on Mercat»)r's Pro- 
jection. 136 

British Isles. as st‘en from the Sun, 200 

population of during the 1914-18 

Wat. 277 

British Standard Ponnd. Explained, i2t»n 
— at National Physical LalM>i,itory, 
*412 

British Standard Yard, explained, 12U8 
at Nation.sl Phy.sical Labor- 
atory, 1432 

BrittleneiS. depends on cohesion, 118 
Broadcasting, and Heaviside layers, 2567 
— the whole story of, gH, 99 
Broccoli, from wild cubbagi*, 7559 
Brontothsrium. Oligoceue ,Mumul, tt86 
Bronte Age, relics beneath 1 oudoti, 52 
Bruce, Robert, King of Scotland, 349- 
85' 

Brunei, Marc Isambard, niade first 
tunnel under river, 1262 
BruiieU-tproata from wild cabbage, 
*i59 

Brvoe Canyon, lit.sh, erosion of rocks, 
*737 , 

“ Silent Citv, 754 

Bnohan. Alexander, meteoroiugibt. 
Warm and Cold Penoda, 960 
Bucket Conveyor. 603 
Buffalo. Africa, facts about, 1.750 
Buffer!, railway carriage, how they 

Work, 700 O 

Bugle, sound w.ivcs from, and wind. .V6.V 
Building, reinforced conctrte construc- 
tion, 1408 

Bulb, electric, to* converting electric 
current, ygS 

Bulbs, varying types ot, 577 
—machine for making, 745, 746, '47 
Bull, con«>tellatiui\, jjo, 475, g82 
Bullet, photographed in motion, 73,77 
Bull Roarer, home-m.ide, toQ8 
Bull's Mouth, shell, for cameos, 322 
Bunsen Battery, 1266 
Buusen Burner, all about, 391 
Buoyancy, explam/'d, 248 
Buoyancy Chamber, in deep-sea arm- 
oured suit, 474, 473 
Buosrs. all about, 606 
Burhaak. Luther, and plant research. 
t2J3f '236 

and prickly pear, 873, 874 

— - and selective breeding of plants, 
I3^>0 

Burglar Alarm, invisible ray for, 560 
Burning, different wavs m which it 
hapiHMis. 247 

Burtung Bias!, all about, 549 
Bus. problems of balance, 34, 55 
Butcher's Broom, plant, 263 
Sutter, a complex compound. 7747 
ButtreMei. of paddle- wood ti^e, 1252 


Oahbagi, dewdroos on, 55/ 
—what it is made of, 94 


Cabbage, wild, and its cultivated de- 

soenrlants, 2559 

Cable Railwaya, facts about. *297, 1298 
Cables, oioctric, making of, 840, 841 
Cabot, John, expeditions of, 657. 638 
Cabot, Sebastian, discovers Newfound- 
land, 443 
Cacao Tree, 312 

Caotoblastis Oactornm, moth, 874. 875 
Cactus, all about, 544-546 
— attacked by locusts, 2554 
— flefence against anironis, 873 

— tluwers and fruUs, 1326 
—giant, of Mexico, ijafi 

— prtckly pear, all about, 873-875 
— npines of, ^75 

Cade, Jack, ret>ellion of, S54, 355 
Caisflon, for laying fonndatfons under 
watci, 747 

—lifted by crane. 9// 

Caladlum. plant, mant leaf. 804 
Calais, Edward 111 ami siege of, 307 
Oaloite. crystal of, oltect on light, rjgo 
Calcium, found in .Sun, 680-688 
Calcium Carbide, how manufactured, 230 
Calcium Light, Sun photographed by, 
7039 

Oalder Ball. world’s first atomic power 
station, 494, 495 

Caliiomia, introduction of date palm 
into, 407, 404, 405 
— iniroduction of hgs into, 263, 264 
Oallisto. riioofi of j up! ter, 276 
Caloric old idea of heat, 893 
Cam. eccentric, .53 
Cambrian Period, hfe m the, 93 
Cambridge Low Temperature Reaearoh 
Station, scene in, jo 56 
Camel, Arabian, all about, 218, 219 

— nMctrian, tacts about, 876 

— - Ml Alls! rail, 'i, 1293 
Camelopard, old name for giraffe, 714 
Camel's Hair bad heat conductor, 89a 
Cameo, all about, 533 

Camera, as aid in finding new stars, 88 
'• dSlronomicai, 88, 954, 93*^ 

— cis used for making sound hlms, 6 
— clockwork, for making stfir map, 643 

— conip.wd with human eye, 277 

— distorting objects by, 464 

— three synchronised, 14/0, 7427 
— used in block-making, 596 
Camera Obscura, explamed, 76 
Campanula, by <l»y ami mght, '78 
Campbell, filrOoHu, and Indian Mutiny, 
'374 1376 

Camphor, penetration of smell, 1182 
Camphor Tree, Hying seeds, to 
Canada. Bantf National Park, 382 
—glacier 111 jasper I’utk, 7566 
—won for British Empire, 7052-7056 
Canal, big tunnel for, 7343 
— diedger used for dcc)>ening, jrd 
-'Grand fiinrtion, barge in icc, 656 
—lift lock for raising ships, 363 
-looks explained, 88 r 

— how iiarge is towed on, 1163 
Candelabra Rock. Indo-Ghina, 586 
Candle, circular fiaiue, 66 

— cxtH'riments with, 66, 750 
' -firing througii door, 778 
— gas Cf>|UM'ted from, 66 
— heat from measured 15 miles away, 
460 

— making a ghost flame, 350 
— reflections in mirroi. /jjo 

— time told by, ^44 

— water colh'rtcd fiom, 66 
— what hap)>ens when it burns, 295 
Candle-power, all about, 890, 891 
— ot srarchlightH, 549 
Cases Vesatiol. consteUatlon, nebula 
in, 590 

Cannon, used tor first time by English, 

307 

Cape Buffalo, t.'iets about, 7550 
Cspella, star, 130, 473, 778, 982 
Capillaries. anmll blotid-vusscls, 1042 
Capillarity, rxpeninentu with, /oi6 
Capillary, meaning ot term, 7K0 
Capillary Attraction, ail about, 789 
Capriftga, 261 265 

Capstan, cxatnpic of wheel and axle, i68 
Caracal all about, 525 
Carbide Industry, 230 
Garboh,vdratas. and (-talking, 977 
--m lood. work of, 45b 
—-need of in food, 93 

— pulse foods nut rich in, 2069 
Carbon, and coal fire. 555 

in steel, 1125 

Carbon Dioxide, all about, 226 

— '• and coal niNiN 555 
behaviour of, 194 

— — etfocl on limestone, 337 

-experiment to show its presesce 

in a room, sOa 

-^formed by burning candle, 295 

— — Itt bloiikt. 1042 
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Oarbon Dioxidt, m exploding gun- 
powder, rgj 

produced by burning c^indie, 66 

— of by plants, 84^, 846 
Curbonilerotig Period, bfc in. 

Carbon Monoxide Oaa and coal fire, 5^3 
Carburetted Hydrogen, fire-damp, 076 
Carburetter ol mutor-car, all about, 
76y, rj6j 

— of motor cycle, 1224 
Carcel light unit, 89 1 
Caribou, hmd of reuidepr, fith 
Cariebrooke Castle, treadmill worked by 
donUev .it. 1205 

Carpet- beating. illustrateH inertia, ,56,5 
Carrageen, edible seaweed, 34/ 

Carrot, what it is made of, <>4 
Cartwright, Edmund, invented powfu- 
kK»ui, /06/, 

Cascade Monntams. scene m, /046 
Cassini’s Division, m Saturn’s rings, 86 
Cassiopeia, lonsicllation, rjo, 4^,4, ;/.* 

OfVj 

Cast Iron. brititencs!» of, *110 

— making a wheel of, 4H 
inelling-iHiint of, 657 

Cast-iron Plates, made to cohere by 
jiressure, 117 

Casting, prinojiie cxpluined, 317 
Castor, for chair, balt-bt-arings in, j /6 
Castor, siai, 130, 41 yA'a 
Oat. all .ilioiil Iho, Ay yj 
-cannot see in ribsolute darkness, Su 
■‘eyes adjusted to bright and dark 
light, ijo 

— how It falls on Its feet, Ay 

— how man rioniesiicated the, 482 
— in Ancient Kgypt, 8<), 482 
— protected by l.iw in W.iles, 482 
' s.ives corn sii|tplies from vermin, Hg 
— s(Mis<> of smell compared with dog’s. 
8y, yo 

— tongue cd, magnified, 9/ 

— used like retriever dog, 89 

— use ot whiskers, yo 
-walking a tight -rope, 90 

Catacombs, Alexandria, ijfi6 
Catapult, tor launching aeroplanes, 1445 
Catapults, among plants, 92 
Caterpillar, m “ lumping Mean,” 574 
Caterpillar Track, 37<>. 1104, nn^ 
Catfish, pteys on flying fish, 

Catgut, cinutiosuion and origin of 
n.inn-, **59 

Cathode, U1 Crookes’s Tube, r.765 
Cauliflower, from wild cabbage,' / 759 
Caustic Soda, useil m deep-si'a diving 

appaiauts, t74, ;75 

Cavendish, Henry huw lie weighed the 
Karth, 75, 70 

Caves, formation ot Cheddar Gorge, 

/j/o 

-how toriTied, i** 

—limestone, f ,iuse natural bridges, iryx 
— stal.irliles m, 336 
Oawnporo. .ind Indian Mutiny, ni3, 
fJJ f f i to 

Oaxton. William, story ot, isy ./A9 
Celery, wliat is it made of, 94 
Cells, uuiltiplir.'itinn ot in plant or 
animal involves growth, 457 
— of human skin, 762 
Cellulose, eflect of cooking on, 977 

— use ol in food, 94 

Celsius Thermometer. .Scir Centigrade 

rhermoineier 

Centigrade Thermometer, io‘> 

Central Heating, all about, *'4.1 
Central Projection, how made, 468, 4fu) 
Centre of Curvature, and light rays, 621 
Centre ot Qravity. liarth and Sun. tii 

— — faeis and experinirnts, 33 35 
in boat, /.y4.5 

of flying bird, 1437 

Centrifugal drier, for beet sugar, /o,Va, 

/o.Vy 

in flour null, ijSo 

• - — 111 laumlry, 64, 

Centrilngal Force, and shape of Earth, 

771 

— hoy illustrates, A 5 

— --bursts flywheel, 1244 

■“ --eflect of on weight, 885, 884 

— ---explained, 61-64 

height at which gravitation m 

overcome by, 1368 

— — -lightpint weight nt Earth's equator, 
77 i 

— - — tnarhiue to create artificial, /076 

toy demonstrating, 360 

Oenkifngal Pomp, principle ot, 64 
Oentroephere. m proportion to Earth, 

Mat 

Cephalopods, alt about, T73^t7S 
Cepheld Variable!, stats, 7»o 
Cepheoii constellation, 130, 415, 71S, 
qAj 

Ceres, planetoid, facts about, r/AA, 

ri8Q 


Chain, made rigid bv motion, 778 
Chain and Pulley, example of trans 
niifted power, A 54 
Chains, for lifting big weights, ArA, 
Chairoplane, Illnslraics rontnfnga 
forc«‘, 64 

Chalk, formation of, ms 
— torninig in Allantir, 1050 
— how formed. 471. 7950 
— how fliiUfi got into, UTS 
Chameleon, African t.icts about. 7/55 
Chamois, all about, 74a, 74} 
Ohantarelle. edible fungus, 4.74 
Chapel,” ol printers, origin of term, 
3 ^^<) 

Charcoal, made irnrfi peat, 1192 
Charing Cross, origin of name, jgi 
Charioteer, constellation, t p>, 575, 7/A 

9AJ 

Charles I, King of England, storv of, 
7^ V - 7^.1 

Charles II, King of luigUnd. and birr 
of I ondon, 782, 7*' f. 7.*' 5 

. 111(1 St. P.iiii’s, K(M), 811 

story of escape after the battle 

ol Wori'estcr, 749-751 

— > -R»^".toration of, 753 

Chat Moss, railway iuiiii .'terosx, 

Cheddar Oorge. how termed, uts, /g/9 
Cheese, constituents of, 406 
Cheetah, " hunting leopard," H49 
Chesaaux’i Comet. 60/ 

Chest, disease of, diagnosed by stethO- 
s('op(‘. 400-477 

Chestnut, l/warf, |»rf»ducc*d by Luther 
Hiirbank, i/ts, r-'jA 
Chicago Exhibition, opened by light 
lioiu Arctuius. /jr57-/259 
Children, importance of sleep to, 6 t 3 
Chimney, why it smolo's, 744/ 
Chimpanzee, all about, hoz, Moj 
— population in Alric.i, 802 
-weight compHfod with human. 8oz 
China, (ireat Wall of. 556 
-- how uiade, 7299 

China Clay, m.ide miu chin.i, jjgg 
Chinese Windlati, 104 
Chisel, for oil boring, qM 6 
Chladni’sFignres. vb/ 'U.jfi 
Chlorine, constitucni of common snit, 
/r 47 

Chlorophyll, and plant life, 846, 
--makes jilant'^ green, ^44, 546 • i 

Chocolate, galluM’ing cacao for, 
Chromium, ns(»d m steel iouiidtUK, 
Chromosphere, of .Sun, 128 , 

Chrysler Building. New York. 7^54' 

Chyle Food, use of by bees. 8*8 ‘ J 
Cider Mill, wheel and axle ^$r64 

Cilia, miiiuto vibrating organs. 

— ot fern, iioy ‘ 

--of iKise, ii«i -} 

Cinema Film, what we think 
and what wo really sei', 463'^/'' 
Cinema, three-dimensional sc f/0, 

//// ,!•, J 

Cinema Theatre, all about, 

... ---viMiiil.Mion, of, 777 V, 

Cinematograph, rnmera, 6 v] •; 

- talking film made and roprtpuled, 

6 -A - V 

Circle, a section ot cone, boo 

Oiroulatlon ot the Blood, work heart, 


704/, 7 .//J 

Cirro-oumuluB type cloud, Agy 
Olrro-Nebnla. type ot chuid, Mv6 
Cirrus, type ot cloud, 627, 62A, #86 
Cirrus Haze, type of cloud, aa 6 
Cifftani, how wujrked by Ijalbcook, mo 
Civil War, American, and Alabama 
Cl. 'll ins, 1300-1401 
■ in Engl.ind, 35.3. 72/ 

Cladodea. leaf like branches, 36s 
Clam, edible mollusc, 7 4jy 
Clark Battery. 7266 

Clay Pipe, how to make coal gas with 
«. 3 M 

Cleaning, a stone Budding with Stediii. 

too 

— of rJolhes at bnindrv, 313 
Cleosydra, old form of timepiece, 444 
Olifls. chalk, how formt'd, /050 

— sea’s Jiction upon, 7A 
Climate, affected by trees, 176 
Olive Robert, story of, /ooy -fora 
Clock, early forms of, 444-446 
— electric, .ill about, y-fh, 947 
Grandfather, how it works, 415 
Clocks big, facts afniut, 1434 
Olookwrork, m lighthouse lantern, 52 
Clot, of bhmd, how it forms, ur, 133 
Clothes how the wind dries them. 104 

- machines for washing. 64, 313 

S lothes Line, shows use of pulley, 640 
loud, caused bv tornado, 557 
— affect sea's colour, 729 

arilhcial, on cinnu.i ceiling, 777*. 77/ 
— difleront forms of, 6177-629, AA6-A.V.y 
—formed by Sun's heat, 253 


Cloud, fii’fgfit above Earth, 62V, 
it Mb- SUM 

—how formed, 670 

— over Niagara I’alls, AA4 
— rescinldunce to togs, 46 

— tyj)c Ion-telling i vdone, tt 7 r, 1172 
Clouds, fitting energy of. 1527 
Clover, cats help to Ihnve. 7779 
-Dutch, bv day and night, 77A 

— leaf division changed by selective 
breeding, 1 jpo 

— value ol l7» soil, 1070 

— while, fertiliscci bv ln-e, 670 

Club Moss. Ill C.irfioniterous Period, 299 
Cluster Variables, «t.irs. ;tio 
Clotob, exumpin of lian«NUUttnd power, 
Hu 

—of motor-cy« le, 1334 
Coaching, m old tf.iy», 379, 1277 
Coal, amonnt burnt annii.illy in dome- 
tu fires in f»re.n Britain, 423 
-- behaviour of when binning, 5/7 

— conveyors for, Ooj 604 
foini of natiii.il energy, 576 

— merhaaicallv supplied to locomotives, 
KHo 

— prejiaied tor fnirning, i J47 
—sorted into si/es, J79 

— sloied eueigv Irom Sun, 128 

— trees of Carlioniterous Period, J99 

— varying gas content ot diUereiil 
ktiuls, 333 

— w.tshing bv ina< hinerv, 

Ooalca's Monument, rot k piil.ir, / {9 / 
Coal-dust, flow d(>alt with at pithead, 

Ooi 


VO 

•al Oas, bV;proclutts ol, 3 3 3 . 335 


— - domestic uses of depend on Bunsen 
Burner, jot 

— - history of disc, over y, 333 

— —how HI) engine is driven bv. 2A5 

' — bow buriieii in Bunsen Burner, _»97 

how It is supplied to us, j/j 3 j 5 

how to make with a rlav pipe, 333 

Coal Mine, dangei from flooiling, 423 

— • explosion m, 79? 

— pupuniatic looE m, 537 

— with the ini off, 4A, 49 
Coal Sack, Daik Iietml.i, 341 
Coal Tar Dorivatives, 353, 33.5 
Coast, how se.i ( hauges, i>o 7 
Coast Erosion, oob, <707 
Cobb, John, racing tar, 1212 
Cobbios, standard st/.n tor coal, 379 
Cock, <»t wat« r lap, 5 
Cockatoo, facts about, /2p 
Cockle, edible mollusc, 74/9 

■ t)Khoin, 74/9 

— ketl nose, r/j9 

Cockroach, licdgchog jnevs on, 1044 
Cocoa, gatht'ring cac.in irint foi, 512 
Coconut, all about, 143 34; 

Coconuts, preyed on by robber crab, 472 
Codhn Moth, life story of, 445 
Cod-hvar Oil, nnporunce to children, 71 1 
Coslostat, all .iboiit, 7 /7 5 

ISC of, 85 1 

CqIIm, daiuielion loot a sub^titiiui tor, 
. 3 * <7 

Cohesion, all about, 7/7 779 
and dcw-diops, 5 ?u, 5 ft 
— diffcient (iegrees of, S30 
-disasiroiis lesnlis d it 1 tsised, iic 
--taels about, 33 45 

— lessened by he.il, ii7 

— meaning ot, 117 

"ovcieome lit bursting Itywhrci, 7224 

■ ptcvciitcd Earth from liie.iking up, 
773 

Coin, cxpeiixneni tor an pies.sure, 2.* 

— lallitig, .'iiul feather, /2.S'5 

Coke, and formation of (.arboii Mon- 
xide, 53 3 

Cold, laris .ifioni. Apa, A97 
Cold-blooded Animals, meuamg or term, 
r 

Cold Common, tacts .ibout the diseasu, 
r ;. 37 ». 

Collimator, idcsf’ope, 450 
CoJliaioo, forces governing, roy 
— of nietoon, with Karlh’s almo-,phorc, 
109 

Colorado Beetle, S 77 
Colorado River, course of, gjo 
Oolosins of Rhodes, 1114 
Colours, matching with a top. ro^H 
— jo^ven primary, 30, 60 
-shown by prism, 4 so 
Columbus. Bartholomew, and Heury 
Vll. 442 

—Christopher, and eclipse of Moon, 572 
—and Henry Vll, 442 
Coma, head of round, .590 
Coma Berenices, constciiatlou, 4/ 5 
cimsteUation, nebulw seen near, 

rv 7 

Comb, generates efertricily tn h.or, 764 
-of bifC'hfve, how lormcd, 67/ 

Combine Harvester, 794 , 795 


Combustion, and bellows, 725 
- (outlasted with explosion, 194 
— difleient forr^^ of, 247 
— rxiXTitnent proving oxygen uerex- 
H-try for, 3 so 
— laciv ,ihoiil, 5 ??- 5 75 
--of food III our body, 456 
Comet, Donat I’s. f 23 b 
— I'in kc’s, period ot return. t23b 
lilt*. It (I Hoi), /22 5 

— Halley’s, pel 10(1 of return, 1226 
—if one (ollided w'ttb Sun, 1225 

-if one strin k tin* I'aitfi, 1225, 12/6 
--0I 1813, from Pans, Oot 
— origin of term, 6on 
Comets, all uboul. 599 bar 

— assiMiated with pl.inels, 122b 
— ronsistcm V of, 1225 

— exiiiiet, snrvivi .js meteor showers. 
110 

— tacts .aboiil, 72/5, r33b 
—lengths of talks, (lor 

— tnenn dtuisHv of, 7 *oo 

— orbits, 17 2 0 

'OrbifH of and Sun, mo, fnii 
pass thiough Sun’s ('oroiu, 685 

— period of viMlubtv, 1220 
poisonous gas from, 1225 

— si/e ot, (m»o 

, Common Prayer, Book of, 525 
! Communication Cord, on iram. working 

I ol, y/ at f 

Oommunism. pr(>..irhed in bad limes, 330 
Compass, aliened by .Aurora. Ko(i, 807, 
A 9(V 

— e.-irdiucil points ot, how to find, 755, 

7 St> 

Compass Plans, fai t abom, /v/a 
Compounds, farts about, JJ4I 
Compressed Air. excavation by, g66 
getting water l»y. / }si 
riioior-car rir'ven by, 477 

tools uorked liv. ,537 

Compressor, ol refrigeraimg plant, r^Ag, 

1 3 H ) 

Concrete, fnoken by tmeuinatic drill, 

5 77 

-‘femtorcpd, nil about, tnSn, loSi, 1408 
Condensation, how dew forms, 529-5;/ 
over til’s Hiirf.ice, 67,) 

Condenser, for (.>il distilling. 9A6, 9A7 

— foi tuibme, 1333 

— III ri'liigprntmg plant, 13S3, 33S3 
of b*am ste.irii engine, 645 

-- radio, yA 

Cone, '•O' nous ol, and orbils ot planets 
and I'oincts, 600 
Cone Pulleys, examph^s of, A54 
Congo, r*l( phiints m, 56 
Conical Projectioo, how made, 467-469 
Connecting Rod, and (tank, 7447 
Consolidation, type, of locomotive, R38 
Constellations, how lu recognise. 7rA 

— -m .April, fi 5 

— in December, yAa 
— Ml hi-bi mu V, / fo 
— m jaiimirv i jo 
in jnlv. 7 /A 

— in Sl.if'i li, 130 
— In Oclobft, 9A2 

Use of gniiipmg, 759 
Contactors, ot Tufie Railway motor, 
uoo, U07 

Continents, ’ drift ’• theory, 77/ 

-said to float on basalt, 1274 
-- theoiirs of torination, rags 
Contraction, m substance!, due to 
(ooling, 1)5 7 

Converter, m Bessembrr steel piocess, 

304, 30 S 

Conveyor, in marhine bakery, 70b, 707 
spir.il, toi beet sugar, T0A2. 1083 
in (vre factory, 464 
Convex Mirror, refiertion of, ^3/ 
Conveyors. meihaniiMl. all about, 394, 

6fij 604 

Convolvulus, tiow terillised by ttioths, 
40H 

Cook, Capt.. navigator, protects crews 
irom s( iHvy. 711, 712 

— — story of, j 7 79 ft 24 

— — visits Australia, jj/g 
Cookiag, effects on fo(jd, 977, 97A 
Cooling Tower, foi power station, 1343 
Copenhagen, battle of. 1195 
Oopepod, food of, Koii, 1417 

' term explatned, Hoo 
Copernioua, eta ter on Moon, 797 
Copper, m electric cell 1365, 136b 

— digging out ore, / i3o 
-malleahiltty i^f, 515 

Copper Mine, scene m, tsjo 
Copra, ongft) and iiM'S of, 343 
Coral, m Carnfirun, Doiovuiian and 
Silnri.'tn periods, g,t 

CoriU lalan^ how (‘oconut palms come 
to grow ou, 3 1 1 

— — how formed, A/6 
Cord, that will not bum, 34b 
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Oorndt* bow played, iT^. 114 
— nirnlionrd by Shakespeare 113 
Oornlih Boiler, 97 
Oornwall, meteor over. ^24 

Ooronm. of Sun, 128 
—brightness of, 

—composition of, #>85 
— expUtined, 112 s, 238 
—facts ttboul, (iHS 
— spectrum of, 088 
— round Moon, onq:in of, 

OoronillA, plant, bv ilay and niKht. 17s 
Ooriloralt type of guided missile. 070 
Oorpuaolee, red, all about 121 

— red, and in.dana, 

—white, all about, ui-ui 

Coemic Dust, d Hurth pasned throuf;h. 
24-iH 

Ooimic Bays, all about, nor, 1 ■i4H 
Ootopasi. voh'ano, 586 
Ootton CQothea, nut so cool as wcKjllcn, 
8c>2 

Ootyledon, of common bean, o<tr 
—of bluebell, 697 
-stores food for plant, 920 
Co?erdaIe. MUea, produced hrst c om- 
plete printed linj<l>sb Bilde, 01 o 
Cowl, how it prevents smoking chimm-v, 
1241 

Oowa, helped to produce milk by sun- 
shine, nt) 

"how Iluv Hiew the cud, 9/#, 929 
—theory that hedgehog takes milk 
from, 1044 

Coyote, all about, 9f>7 

Crab. *' Calling,’' huge clftw of, 74<\ 

— conslellaliuii, /jo, 415 
—edible, all about, tio8 
—edible, X-ray photograph of, 1410 
—giant, from Australia, 74s 

- Iree-rliinbitiK, 37 ^ 

Crane, on railway for relaying track, 417 
-Kiulway, pulleys of, 6.52 
— showing use of pulleys, 650 
— Ste.im, uses natural ioices, 

— work of, 910, 91 j 
Crane-Fly. story of, 

Crank, .is form of lever, IJJ7 
— exanifile of lever, .t 
— various lorin> of, 1 j;f7 
— with slotted yoke, 

Crank and Piston, example ot traits- 
nutted jiower, ^^4, S'js 
Crater, constellation, 413 
Ordey, b.-ittle of, 

Created Pengnin, 397 
Cretaoeous Period, life m, 99^/ 

Crevasse, of glacier, 1047, 1048 
— — all about, 383, ^^4, ;fS<i 
Oribritorm Plate, >n nose, 1x81 
Crinoids, or sea'lilies, 9j 
Croatans. Indian tribe, and Virginian 
colonists, 039 

Crocodile, all about, /0.77, jo^fS 
— fighting python, 617 
“ Crocodile Teare,'' explained, 1038 
Croevs, divided, day .ind night, /7A 
Crompton, Samuel, invimted spuuung 
niiiUi, /of>j, 1063, 1064 
Cromwell, Oliver, and Civil vv,ir, 723 
— dissolves the Long Parliament, 749 

foreign policy of, 750 

his watch. 444 

— Thomas, and English Bible, 6oq, 610 
Crookea Tube, making x-rays, XJ65 
Oropa Without Fielda. 102; 

Oroeabow. at battle of Cr^cy, 507, 308 
— WiUiain 11 killed by, 39 
Crow, constellation, 413 
OrowW. form of lever, 4 
Omaadee. qx. 132, 189, 190 
OryitilUiie Lens, of rye, /y /q 

function of, 463. 464 

Crystals, experiments in forming, 726 
—formed from sea -water, 631 
— seen in snowflakes, 209 
Cnckoo-Pint, life-story of, top 
Cucumber, whut it is made of, 94 
Cod. chewing the, all about, 91 A, 9x0 
OuUoden, battle of, 940 
Onltiyntion, nitrogen necessary for, 1070 
— plougbina necessary for, loSit 
—without neUU, 102 7 
OulUvator, meclmnicai, 1340 
Oumbrae, island, foghoniH on, /jAy 
Oum^o-llimbiia, type of cloud, smm 
Cumulus, type of cloud, dg?, 62ft 
Oofis, Madame, and radio activity 
discoveries. 1141 

Oitfly Kale, from wild cabbage, 2359 
Curvature ol Barth, 358 
—of mirrors, all about, 621^623 
OutUe-Fieh, all about. 173-^7,5 
Oyeada. palcn-like trees, in Jurassic 
Period, 213 

Oydone, all about. 305, 1171, tm 
—how caused. j;o4, X05 
— wrong name for Tornado, 557 

Oydone Cellar, use of, 557 


Cyclotron, all about, laAi 

Cygnos. constclUtioii (5rr aUo Swan). 

Great (ialnrtir Nebula in, 9^4 
— constellation, iiebul.T soon in, 300 
—dark nebula in. t3t7 
Cylinder, of Beam steam engine, 6 35 
—of paddle steamer engine. 6.V0 
— of vacuum brake, 914, 913 
Cylinders. inui(n- cm , 769 
Cylindrical Prelection. 467-4^9 


Daddy-long-lega hfe-story of, mi 
Dagenham Sewage Worka const rue tiuu 
of, 140S 

Daguerreotype, early form of photo- 
graphy, 866 

Daisy, Common, by day and night, 178 
Dam. Assouan, how built, AyS. v^g 
Dance, of iH^es, 669 
Dancing. and friction, 863, 864 
Dandelion, .'ll) about, 318-320 
seeds with pnr.ichuto$, 10 

Daniell Battery. 1206 
Dare, Virginia, first child born m 
Virginia tolnny, 6pj 
Darwin, Charles, and hail, 730 
-- —and earthworms, 1158 
Date Line, International, 233, 254 
Dates, cultivation of, 403-403 
Davy. Sir Humphrey, photograph v 

ex penmen Is, H6f> 

safety-lamp, 976 

Dawes* Holes, m sun-spota, 367 
Day. how it comes. jjS 
— length of, facts which alter, 6A’/ 

Day and Night, inequality at different 
seasons, 7.5,5-757 

length altered by Earth’s tilt, 

328 

Daylight. dust theory of whiteness, 

957 

— how diffused, 957, gs-v 
—and radio reception, 2 167 
Deadly Nightshade, leaves of, 946 
Dead Sea, buoyancy of water, 63 1 
Death Valley, California, weathered 
rock in, 3<S'6 

world’s record high teinperatuie, 

a 56, 1494 

Death Watch Beetle, all about, 699. 670 
“ Decapod ’* locomotive, 837. 838 
Decapods, what thev arc, 173 
Deep>sea diving suit. 47'h 473 
Deep-sea diving : Bathyscaphe, ^52 
Deer, Red. all about, svG 543 
Defender ot the Faith, origin x>f title. 
497 

Delos, Daniel, and Great Storm, 80 s, 
896 

Degrees, on parallels of latitude, 
inequality of, 467 
Deimoa moon of Mars, 663 
Delaware, river. 1370 
Delhi, siege and capture of, 1375, 7376 
Delta, how formed, 

Delto Wing. of aircraft, noj, 1276 
De Moxitfort, Simon, contlirt with 
Henry ill, 189 
Deneb, ’itar, 130, 4x3, 9S2 
Denebola, i^tur, yts 

Density, of Siollds and liquids, how to 
find, Z406 

—of various substaticeis, 1405 
Depression, or Cyclone, all about, J04 
— alt€iru.itive name fur cyclone, 1171 
De Romas. .itmc>spheric electucity 
experiment, 1001, 1002 
Desert, ram prevented from falling in, 

— sandbilla in, 302 

Desert Belta across the Earth, xHt 

Devil Fish. See Eagle Ray 

DevU’s SUde, Utah. 33a 

Devonian Period, hfe m, 299 

Dew, all about the, 529-531 

— how formed on grass, 339 

Dewberry, crossed with blackberry. 1236 

Dew*poini explained, 329 

Diamond Oroising, on railway, 1433 

Dlaphone, fog-horn, 1005 

Dianhragm, human. 746 

— of stethoscope, 4TI 

-■of telephone, 347 

Diastole, term explained, xa^i 

Diatomi, facts about, 14x7 

— form of plankton, 800 

— minute plants, and colour of sea, 727 

Dictea and Sayings ot the Fhiloeopheri. 

first book printed in England, 388 
Diesel engine, how it works, 234. 433 
Dieeel-electrio locomotive, how it works. 

9f>4 

— building, 97.4 
Diet, and vitamins, 710-712 
-wheat-eating peoples conquer rice- 
caters. 971 

Differential Wheel and Axle. 76a 

— of motor car, 768 


Diffraction, meaning of, 383 
Diffraction of Light, all about, 620 
Diffusion of Light, explained, 675 
Diffusion Tank, for beet-sugar, 70<S’j 
Digastion, of food, and cooking, 977, y78 

— process in ruminants, 920 

— when helped or hindered by cooking, 

238 

Digging Machines, all about, 632-634 
Digitate. meaning of, 124 
Dingo, wild dog, facts about, 1252 
Dinosaurs, in Cretaceous Period, 903 
— of Jurassie Period, 713 
Direct Current converted from altern.u- 
hig current, 79^' 

Direction, hue of, 33, 34. 33 
Dispersion, of lights, 451 
Distance, ditticulties of judging, 1242 

— wiiy things look small at a, 1319 
Distillation, all about, 288 
Distillation ot crude oil, 1x42, j 143 
Diver, adventure with octopus, 174 
Diving, all about, 473-476 
Diving Bell, all about, 1039 

— ami 'I'elevision, 673 
Diving, by bathyscaphe, 831 
Diving School, of Koyul Navy, 47 0 
Diving Suita, 47,b 474, 475 

— Progman’s, 1409 
Dodder, plant parasite, 216 
Dog, constellation, 130 

Dog. <lotiiesti« .'ited by man. 41V2, 4S4 
— effects of sleeplessness on, 6x3 
— great variety of, 570 
— why It puts out Its tongue when hot, 
407 

Dog, Wild. See Dmgo 
Dolphin, ronstellation, 718, 082 
Domestic Life, m tune of Henry Vll, 
44 G 44-' 

Dominant, in Mendeiism, 509-511 
Donkey-Power, for raising water, 1204 

Donkey Wheel. xAj 

Door, Automatic, on Tube Railway 
rrains, xioo, 1x07 

Dounreay Atomic Power Station, 

1149 

Dover, cliffs ot, how formed, i03o 
Dovetailing, ot granite blocks for ligtit' 
hoiisc'^, 1067 
Draconid, meteors, tog 
Drag Line. Vgo 

Dragon, (.onsteilation, 130, 413, 7 /a 
98 4 

Dragon Fly, all about, 301 
Drake, Sir Franoia au‘1 Armada S7v- 
583 

voy.igc round world, 55X-555 

Dream, foreteUmg Prime Munster - 
.assassination, 1248 
Dredge, hydraulic, cutting canal, 6 14 
Dredger, 7 <*4 

— special type foi < anal work, 3x6 

Dredger, Bucket, 369 

Drier, revolving, tor Iwct sugar, ion ? 

— revolving foi clothes, 64 
Drill, pneumatic, for biuaking up roads, 
537 

Driving Wheels, ot locomotive, 8j? 
Drons, bee, 669, 847, 130^ 

Drum, bow played by cinema orgau, 
0 5.5 

Drunxi, all about, 393, 394 

Drupe, olive, a type of, 1306 

— tyw of fruit, 804 

Dry Battery, explained, 2266 

Dry Dock, worUl’a largest, 1379 

Dttbhe, star, xjo, 413, 718, 982 

Duck-bill. See Platypus 

Ductility, how it aids engineering, 

515, ,516 

— meaning of, 118 
Dulse, edible seaweed, 341 
Dumb-bell Nebula. 7250 
Dunbar, battle of, 750 
Diudeis, French administrator, and 
Clive, 1010-10X2 
Dust, and cause of daylight, 957 
— in air, sources of, 777.7 
Dust Storm, weight of material earned 
by, 1 11.3 

Dwarf Treea how grown, 374 
Dynamo, how it generates electricity, 
3H0, 381 

E 

Eagle, constellation, 718, 982 
Eagle. Harpy, 1387 
— monkey-eating, 13S7 
Eagle Ray, facts about, 1254 
Bar. human, and telephone. 349 
Bar Oentres. of brain, 673 
Bar Shell, edible mollusc, 24^9 
ptfty th, The. See also World 
— See also Soil 

— attracts the Sun, xri 

— axis changes position, 1370 
—axis till, effects of, 138, 182, 328, 

75,5-7.57 


Barth, chance of collision in hpace, 
1433 

— e.urvature. amount of, 338 
— density of, 127 

-diagrams of latitude and longitude, 
505, 306 

-diameter, in feet, 75 
“■ diameter, in miles, 852 
— di.irneter through Poles, 773 
■ distance from SUn, 898, 925 
-rt.'iftenmg of, explained, 773 
•formerly believed centre of umverse. 
926, 928 

-how Man changes its tacc, 338 
-if struck by comet, 1225 
-in tail ot comet, 1225 
-Ulterior, composition of, Sot 

— land surface at different periods, 

731 

' -magtietic field of, 1164 
-mass of compared with Moon's, x8 
model of (giolie), how made, 9^6 
Orbit, distance round, 925 

length of greatest axis, 925 

an ellipse, 852 

changes sh,ipe, 852 

With orbits ol Mars and Bros, 66 j 

compared with size of stars, 20912 

—Path round Sun, 925-928 
— p.ith through space, 43 
— point in space to which It is tnovitiK. 
2 00. S’ 

— prfiofs that It travels round Sun, 928 
— repiesented on a flat sheet, 467-469 
— revolution seems to make sky mov” 
round, ixx7, xixS 
--rototes in Sun’s light, 507 
-Rotation, affects cyclones, 305 

- —old theories about, 562 

proofs ot, 301-564 

shown bv stars, 562 

speed increased bv shrinkage, 6^4 

speed increased bv weathering, 6A4 

- — s|)eed lessened bv met»*orites, 6A4 

siK‘ed lessened by tides, 6S4 

-Toimdne-,s, proofs of, 336-338, 639 
—seen from Moon, J12 

— Shadow, alwavs circular, 75H 

— —in spaci*. 57* . 573 

— — on clouds, 639 

— shape of, why like orange, 773 
— SI70, compared with Neptune's, 
xjoi 

—with Sun’s X27, 854 

-Speed in orbit, 561, 925 
—speed of, facts .about, 641 
— sjieed of rotation at F.qnator com- 
pared with juintcr's. 275 
—speed of rotation ot. 64, 480 
—tilt of, affects amount of warmth, 
1H2, 183, 200 

—time taken to traverse oriut, 925 
— watching it rot-atc, 562-464 
— weighing the, 74 76 
— Weight of added to hv meteors, ni 

compared with equivalent ball of 

walt*r, 127 

— weight of Sunlight rcccivr.d in a yrar, 
899 

— weight or mass compared with Sun’s. 
127 

— weight or mass i>t, 75 
—what would hapfwii if gravitation 
ceased, 67 

—why it goes round the Sun, rtx 
-why wt! are not hurled off the. 61 
-wifitb of orbit, 757 
' wobbling motion of, 391 
-wrinkling of its crust, 172 
— Zetetic theory that it is flat, 358 
Barth PUlart, British Columbia,' 1323 

how formed, 1139 

BorthquAkai, how recorded, 674 

— how caused, 30 

-"natural bridges formed by, txqi 

Bwrtb SatflUte. Artiflcl»l. 1074 

Barthshine, strength of. 480 

Earthworm, all about, 1138 

Bast India Company, auu Clive, 1009, 

X072 

founding of, 967 

Warren Hastings and, 1145* 

ri4Q 

Bast Moots Wost. 30 

Booontrios, in coal-sorting machine, 379 
BeUdna, all about, /415, 14x6 
Echo Sounding, to find fish shoals, 736 
Bdipao. See also Sun, Moon, eclipse of 
— leaves of tree and light phctiomenon. 

—of Sun, more frequent than of Mouu, 

BouUos. possible number of in a year, 

Btjipsing Blnarloa, stars, 760 
Betiptto, meaning of term, 755 
Bddystono Ltghthouso. 51 
first, story of^ 896. 897 

— —model ol granite block for, 1067 
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BdwArd 1. KinK of England, iHq. tqo 

and Robert Bruce, 449-25 1 

— — invades Scotland, 21 1 
SdWtrd It King of England and 
invasion of Scotland, 351 
murdered, 507 

Bdward nt Kmg of England, at battle 
of Cr6cv, 308, 309 

€dwtrd Iv, King of England, 355. 3*^7 
Bdwtrd V, King of England, 417-420 
BdWttd Vt King of England, 525 
Bel, Common, ail about the, 4^i~4'i^ 
Bel, Bltctrlo. all about. 22^ 

Bel-Fare, explained, 454 
Bgg, hen's, all about, 276 
Bgc-beater. working of, 1041 
Bgg-OUe, of ray and skate, 1256 
Bigi, as food, constituents of, 406 
—“bow produced by hen, 748 
— of frog. 

—why harder to digest when cooked, 

239 

£m-itloki. of cactus moth. 874 
Bfypt, P & O. liner, treasure salved 
from, 473 

Bgypk, probable orlgtn ot spoked wheel. 

376, 378 

— transport of giant statue in ancient 
times, 377 

Bgyptfaai, Ancient, and siphon, 598 
— form of wheel made by, 376 
— used bellows. 725 
Billfteill, Albert, and cilect of gravita- 
tion (tn light, 899 
and Relativity, 487 

S ector, for vaomim brake, 9/2. g/j 
eotor Peraobute, /2.V0 
Mtioity. all about, 

— de|x*ntis on cohesion, uH 
— facts alKiut. 1202 
—meaning of, 118 
Blbow Joint, as a ftiicrum, 4 
Bleanor, Queen, crosses erected to. rgo, 
191 

— --sucks poison from husband's 
wound, i8g 

Bleotrio Bell, how It works, /20 
Blectrio Oeblet, machine for detecting 
hid<ien, lufo 

Blectrio Oella, all about, 1265, 1266 
Blectrio Cironit. and rube Railway 
sign.ils, jjno 

tor electric bell, jjo 

— —in making sound iilms, 6, 7, 8 
— — r.'idio, 0.7, 99 
Bleotrio Clock, all about, 946, 04; 
Bleotrio Current, and electro-magnet, 
tUi 

Blectrio Bel. 228 

Bleotrio Fumaoe. all about, jjg, 210 
Bleotrio Lamps, all about making, 745, 
/40, 147 

Blectrio Light, special, for instantaneous 
photographv, Hhu, 867 
Blectrio Light Bulb, broken, instanta- 
neous photograph, 8(27 

Electric Foerer, (ompared with water 
power, 702? 

Blectrio Ray. facts about, 1254 
Electric Welding, ail about, /or/t, toig 
Blectrioity, earlv experiinculs willi, 79ft 
— first electne,al machine, igb 
— geneiatttd bv roiubing haii, 76 j 
— grid system, 400, 401 

how generated by Niagara, 590, *>97 
-may be accidentally generated, lys 
'• meter tor rcgisleniig current used, 
1084 

’-'Positive and negative properties, 

7266, 7267 

— theory of what it is, 1265 
Bleotrodei, m arc welding, 70/9 
Blectrodes, anode and cathode, ijb^ 
—in electric luniace, **29, 230 
— m elertro-pbitiiig apparatus, .757 
Bleelro-magnei, all about, 307 ~vjq> ‘ Ni 
-unloading railway tyres, jgg 
Blectron. behaviour 4i{, ttss 
E lectrons, action in electric battery, 
1265 

— and cosmic rays 1348 
— -tlirown out by sun-spots, 366 
BleotrophomSi bome-raade, 1267 
Bleotro-plating. explained, 35/ 
Eleotroitatic generator, for breaking 
atom, 93<t 

Bletnents, chemical and (.ompositinn of 
the Earth, 340 

— roninioii to Earth and Sun, 128 
— each has its own spectrum, 452 
—every one found in soa-wator, 631 
—facts about, 1141 
—found in meteorites, 524 
— number and examples of, 1x41 
— m Sun discovered by spectroscope, 844 
Blephant, Alrioan. facts about, 55, 56. 
995 

— — herd seen from air, 57# 

—lying down, ro.to 


Blephant, Atrican, trunk ot. 55 
— of trunk, 7290 
— Indian, 5,5 

—young, development ot trunk, 7i.V2 
Elevator, in flour mill, 13S0 
BUaabetb, Queen of England, and Drake 
557, 53-# 

— and potato, 1418 

—and the armada, 570. 582, 583 
— and Virginia, 638, 640 
Bliaabeth WoodvlUe, queen ot Edward 
IV. 417, 41S, 419 

Bllloe lalandi, coconut palms in, .344 

Ellipie, as section of cone. 6on 

— coroot’s orbit, 1226 

—how to draw, 852 

— of Earth's orbit, 8^2 

Elm, flying seeds of, m 

—•Jeaves of, 546 

Blotharinm. ancestor ot pig, it to 

Blvera, young eels, 454 

Emperor Penguin. 297 

Bmpire State Bniiding, New York, 463 

struck by lightning, 74277 

Emu, facts about, 7447 
Bncloture, of Common Lands, 525 
Bndoiperm. term explained, 920 
Bnergy. Atomic, 772, 494^5. iory, 1125, 
1X26. 1X27, riuM, frag 
— connection with Motion. 778 
—Natural, how used by man, 556 
—one kind converted into others, io<i8 
Engine (Railway), Srg Locomotive 
Engine, Steam. Steam Engine 
Engines, loss of power unavoidable in, 

285 

Bngland, earthquake in, 30 

—what It was like 2oo<» years ago, 428 

BngUsh Bleotrio PL high-speed aircraft, 

IJOJ 

English Language, influence of Shake* 
speare, 667, 668 

— proportion of Saxon words in 
Authorised Version of Bible, 6n 
— standardised by Bible, 607 
Eocene Age, life of, it jo 
Ephesni, Temple of Diana, 7774 
Epidermis, human, and hair, 762 
Epsom Salts, forming ('rystals from, 736 
Eqoator. centrifugal force at. affects 
weight, 64 

— speed of Earth’s rotation at, 641, Jgt 
Equator, weight of bodies least at, 89s- 
884 

Bquidiatant Profeotion, 4f>8. 469 
Equilibrium, and bfiat, 734^ ' 

— f, let's about, 77, 34 ‘ 

Bridanos, ('onstell.ition, 130 t 

Eros, planetoid, all about, 7030 

— orbit of cros'sCs orbit of Mars. 6$9 
Erosion, formation of Ctieddar 

72 79 , i 

-“landscape affected by, 7795 I 

— natural bridges formed by, xipi | 
— ^of eoasl in I'sle ol Wight, 77a ' * 

— of Ffeligoland by sea, 1794 f 

—of Martha Washington Rock, 

—of rocks by wind, 7727 ,. «• 

-IVg-top Kork. Colorado, 5OO j .'f 

— riil^nt Rot k, 1420 

— rock pillars, Jjg2, 7.79,7 , ‘ 

Eruption, volcanic, greatest ktipwlfli, 207 
Escalator, how it works. 272 
Esospement, of al.irtn tloek, 5^9 
-•<»( Grandlather eloek, j/5 
— til watch, 54 

Etching, in block-making, 596, 597 
Ether (fluid), boiling point, 1242 
'•-origin of term, H99 

Etna. ML, 58b 

-volcano, 207 
Eunice, sfM-worm, 974 
Europa. intuin of Inpiter, 276 
Evaporation, clouds formed hv Sun’s 
heat, 2 5') 

— of r.iin in Sahara, .V/5 
— on Earth’s snrf.ice, b^o 
Evelyn. John, and Fire of 1 oudon, 7H7, 
784 

,ind Grinling Gibbons, 8 x 7 

Evening, why rooler than inid-day, bSs 
Everest. ML. .mimal life on, 774 

aeroTilane exjieditmn, gbi 

— conrjunst, 7^7 
fiom aenqilarie, gbr 

— —-from cllinberst' camp, 6j8 

— — height of, 774 

illustrates Relativity, 490 

lake near crest, 1194 

two Englishmen perish in climb- 
ing. 961 

why a man weighs less at top of, 

883 

why it does not look its he.ight, 774 

Evolution, meaning of, 6bg 
Excavating, by compressed air, g66 
— electric uigger for, 966 
Exoivators, Mechanical, all about, 632, 
6u 


Excavators, walking dragline. 8go 
Bxpansion, m substances due to heal- 
ing, 657 

Expansion Tank, tor central-heating 
system, 245 

Sfperimenta, action and reaction, 7744 
-air pressure, 425, 426, Hg4 
-air, showing it is mattei, aa 

— .immonia, 472 
-balance. 33, 34, 294. 797 

—ball, bouncing, 595, 1202 
— lieans, growth oi, 458, 920 

- blind and sunlight through hole in, 
983 

— blind spot In eye, 1213 

- boomerangs, home-made, /004 

- bottle, uncorking by sunshine, 550 
—bow makes ripples m glass of water, 

— ^rass circles illustrate flattening of 
Earth, 777 
—burning glass, 549 
—camphor, vaporising and condens 
ing, .79ft 

-cimdle, bb, 350, jot, tato, 1240 
— cane, elasticity of, 59s 
— capillary attraction, 7H0 
— caramel, making, 497 
— carbon dioxide, forming from sugar. 
49* 

— C2!ntrc ot gravity, 676 
— centrifugal force, 61, 62, 64 
— cohesion, 8ao 
— coins, 5(S<t 

— combustion, /240 
— copper filings, and ammonia, 41a 
—crystals, forming of, 6u. 726 
— day and night, explaining, 118 
— dewdrops, lunuing iii bottle, 396 
— disc of colour, moving, 148 
—dropping objects, speed of, 817 
— Eartn, movement, round Sun, 7.75, 

73b 

orbit, 925, ga8 

— — polar and equatorial diameters. 
773 

— — proving curvature of, 356 
rotation of, 561 

R|>eod, 925 

— elasticity, 595 
— electrical, J 2b7 
— elertrieity, generating, 224 
—filtering, 796 
— tree/uig mixture, 9.76 
— ** frost,” making on window, 726 
—gas flame and wire gauxe, 976 
— grease taken out of cloth, 7or6 
— hair, human, scales of, 762 

— heat, 497, 70 1, 976 

— hoar frost, foriuing m bottle, 396 
— home chemicals, ub, 34b 
-ice, ill boiling water, 396 
-Inertia, %bb 
— irradualiou, 19 

— lamp, expl.sms apparent movement 
of heavens, 7777 

— levers, 3 

— light rays, angle of reflection, isoa 
-light, Ir.ivels III straight linos, 221, 222 
— Lime water, 66, 262 
— magnet, / 720 
— Moon, eclipse ol. 57/ 

— —phase!, of. 480 

— tniid, solid matter of suspcnsiou, 427 
— needle, beating ill cork, 707 

— optical, 1.764 

— oxygen aiisorbed by rust. 796 
— paper, sbb 

— paper butlcrflie-^ allracied electric* 
ally, r ?44 
— paiailax, 92.V 

— peas, growth ol, 458 

— peiidubmi. swing of, 

— penny, 817. 925 

— pillbox and caudle flaine, 983 

— pinhole, 987 

- plant, w'ateriug by c.xpillary .attrac- 
tion, 780 

— potato, and evaporation, /5S 
— radish lifts plate, 7,74/ 

— reaction, cutting apple, 1 744 
■rope shaken belweeii posts, 7390 
—rust, absoibs oxygen, 30b 
—salt crystals, 726 
— sea-shell, and sound, 905 
-shadow, measuring height by, 7007 
— shadtiws, 1002 
— siphon and air pressure, #92 
— soda, burning metal in, 7;6 
— Hodium, spectrum of, 452 
— sound, 905, J060 

— spectrum, ot sodluin, 452 
—string, 7 or, go 3 

— sugax, 497 

— sulphur, and lime water, aba 
—Sun, 225, 228, 755 757 
— telephone, home-made, 9715 
—thermometer, blowing with bellows 
70/ 


Experimenti, touch, sense ot, 431 •• 40 
-topt,, 1078 

true North, fltiding, 244 
tuning fork, vibrations, 905, 936 
vibration, 935, 9,76 to6o 
water, 657. /or, 8g4, 1344 
-weight, testing by touch, ^f46 
Explosion, all about, 792-795 
—dereUrt steamer blown up, 195 
-example in cracking whip, lao 
-greatest ever known, 1322 
■ in mines and mills .accounted (or, 1 «n 
-sound waves, and zones of silence, 8fm 
Eye, blind spot in the, lai j 
—compound, of bee, 669, 670 
'(ofupound of insect, compared with 
trick lens, 7700 

(unctiomng ol. (xirapared with 
tamera’s, 777 
how it functions, 463, 464 
- light rays and, 62x 
-long and short sight, 696 
-why distant objects look small 10 
*3*9 

fiysbaU, effects of distortions of, 699 
Eye Centres, of brain, (>73 
Eyes, advantage of having two, experi* 
ment, 7344 

—evidence of our. not to be trusted 
463-465 

— of queen bee and dione, 827 
— why shut before sleep, 614 
— why we screw up our. J./84 


FaetoriM, rruelUesin Industrial Kevobi 
tmii, 1065 

Factory, on lines of human body, 747 

Fxottlas, and sun-spots. 367, 368 

—on Sun, 84 j 8.J4 

Fahrenboit Thsrmomatar, *95 

Fatrsy Delta 2, high-speed aircraft, 1207 

Faraday, Michael. »nd candle. X93 

Farming Without Fields. 7027 

Fasciated Growth, 298 

Fat. effect of cooking on, 977 

--iinport.'ince of m food, 1386, 1387 

Fault, in rock, to, 32 

--waterfall and, 1321 

Fawkee. Guy, dark-lantern used by. bgi 

— - story of, 690-693 
Fear, cause of trouble, 9 
Feather, lulling, taiio 

Feathers, believed evolved from reptile 
scales, 371 

Feeling, centre of in brain, yar 

Felloes, of wheel, 378, <79 

Fern, Male, life story, jiog 

Ferns, of Carboniferous Pcrioii, 299 

Ferrirts, used against rats. 1288, ja8o 

Fertilisation, of u pbint by a beo, 57 

— ot common bc,m, 927 

— of Cutkt»o-l*inl, 7073 

—of datideltnn, jj8~320 

— of (.torse. #05 

—of Meadow iiage, 848 

— of soldaiiella, 765 

•< of strawberry, 804 

— ol 'leazcl, 748 

of White Clover, 670 
Fertilisers, replace nitrogen, lo?' 
Fertility, how affected by suushiit' so 
Fibres,' m our blood, 12/, raa 
Fibrin, m 0111 IWoorl, 722 
Fibrinogen, m our tiloorl, 122 
Fibrovaionlar, ineamtig of, 15K 
Fierceness, cause of in wild anim.iH, g 
Fig, all .iboiit. 263-265 
** Filaments,^^ on' Sim. 843, 844 
Films. See CmcuiutoKCapli I aikmg 
Ellin, etc. 

Filter, homc-niade, lotb 

Filtering. not siiflicicnl to put It V watci, 

157 

Filter Press, for beet sugar, los j 
Fingernails, formed like hairs, 76I, 76.1 
Fire, .miiual losses by in London and 
New Y»»rk, 998, 1301 
— domostic, iiow it burns, 53? 

—energy of. 535 
— hydiant, 1042, 7047 
too hot for burning, 127 
Fireball, globe Ivghtmng, aii about, 
12/6, 1217 

Fire>box, of locomotive, 7351 

Fire Brigade, London, forinniinu and 

enuiprncnt ol, 1301 
Fire-damp, gas m coal mines. 976 
Fire Engine, onc.lused typie of, 740 

— —'early types, 1301 

turntable ladder, 7300 

Fire-eioape, all about, ijon 

Fire Fighting, early methods of. 1301 
— on water and land, gg8, 999, *4*3 
Fire-Floats, on Thames. 908 
■’•iis'ied by Royal Air Force, 7473 
j Fire-Ladder, at work, rjoo, / 707 
' Fire-Lighters, pumice-Riune totb 
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Fire ol London. Sr/* (ireat iMre. 

Fire Pail ot iiiurht wiitrhniati, why it 
nfeds liMles, 5 

Fire-tnbe Boiler* 97 
Fireworka, with .> ♦•.uuUe, y>fo 
Firn rouipressed miuw 
F ifth* raiciitng .1 flv, S04 

— echd'dpii** Ikni ol shoaK, 7/0 
—helped to Ihiive hv hacleii.i, Hoc 

— how (.luuht <n sea, 7 
—how they Hwun, n*,H 
— in IVrinian IVriod, nt ? 

—in rrM'<.sH' IViioti. siH 
— liiniliiuu*-, I pi 5 

— monsters ol deep sea. / /05 
-phosphorus Iheoiy. Stto 

—'that looks alter its yoimib', 1040 
FtSheft* < onslflialiou. i pj. 9'*^-’ 
FishVeye View. ?7o 
Fiftfture Eruptions. 

Flaffellauts. reluiious s*., t. 271^ 

Flagstaff. lueasuiiiii; height by shadf)U, 

/ 007 

Flame, ^Su.ooo miles louu. trotn Sun. 
UU 

— how we run blow il lowarrls its, 
-rniide to move bv sound vibratioju., 

travelhriH S,o«»o miles a minute, /aft 

Fiaminiro* f'n’ts about. 

Flamsteed. John, star catalogue of. 3<i*’ 

— - tirst Astroiiomtir koyal makes 
star tnaf>. 0.1 ;i 

flavoar. a cumbination of four simple 
tastes. 3^0 

Flax, all about, .vjo, sji 

Flint, li<»w deposited in chalk, rr/.s 

Floret, of dandelion, itM, 

Florida, pineapple plantation in, 744 
Floor, how itroumi. 4,17, .?•**’ t 

Floor Mill, how If works, /j-Vo ffS/ 
Flower, fetrihsatiou by moth, aov 

— What hapfiens when w-e .smell one, j j 

Flight BetoelliiiR. 

Flv. stalk 'eyed, 60 

Flying Bedstead, form of h<‘lie.opti>r, J4 
Flying Platform, form of hciicopter, ^4 
Flying Fish all about, j66 

Flying Qomard* 

Fly-8huitle. tiiveiUion and early use 
of, lot) I, /ort.? 

Flywheel. of gas engtru;, 

—why it itiav burst, moo 
Fofios. of liithl rays explained, 6^/ 

- of light rays on retina of eye, (106 
Fog. carriuci sound Sh<> 

— forniafioii of, explained, 6jo 

— formed by antieyelrmes, 1172 
— how caus<»d, 43 47 

—part played in history by, 45 
—photographs token in. 77O 
—pollution of atr by, 6f(i 
Fog Bow, cause of. 

- - —-described, .tho 
Fog-horn, facts about, t -)K9 

‘Guernsey, 1005 
Follicle, tertii explained, 7ba 
Fooialhaut, star, qsj 
Food, as fuel for body, 747 
— breakfast, soiirecs of. -v;; 

— conhtitiiunts of various eoinmoii 
forms of, 40fi 

— how It strengthens out museles, ./5t» 
— importauec to “ human niarhoM',” 

rj'ffi, t.lH7 

—lack of fresh meal and vogelables m 
winter, in time of Henry VI i, 4.11 
— sterilised by heat. o77 
— vitamins m, 710-712 
— why ctMiked, 977, C7-V 
Footprlnti. f«»sil»sed. /yro 
Foramialfern. uud chalk, /o^o. ms 
— form of plankton, 800 
Force, as applied by pulleys, 631 
Foreet, Aruaxon. au view of, 44s 
-* devastated by meteorite, S43 
Foreete, how' they aic preserved. lyO 
— importance of to Man, tyt 
— aubniorged, in Britain, hQS 
Forging, metbmls of, si.s 
— of melab, principle of, ^17 
Foroilo Acid, used as prcHcrvative by 
bees, / 302- T 304 
Fonll Trecft. 60.;, 

Foncnnlt'i Ezpuriment. $f>3 364 
FouUng Bor. of Tnlie Railway Signal, 
iro6. ft 07 

Fourth Dimenilon, Time as the, 446 
Fox. makes hedgehog unroll, 1044 
Foxglove, and bee, 6A9 
Fragtrla Feeca. strawberry, 804 
Franehiae, The, what it means, 189 
Franklin, Benjamin, lightning ext>ert‘ 
nienl, toot 

— proves electrical origin of hgbtnnig« 
490 

Franklln-Adatne Aetro*0amera* 955 
Frantthoter, Joiepli xoa. pioneer of 
ftpec.troftcupy, 452 


Free Wheel, explained, s 
Freexing. prmnpk' of r.^gelatiou. 
Freezing Point, b'ahrenhcu, Centigrade 
and Kt^aunuir, 795 

— -of fresh water, 637 
French Horn, lube of. 1x3 
Freeh Water, sail m, 631 

Friction, all about, Joi-xoj, # 6 j. #05 

— and ice. Sf>j, .*<04 
--ball loUmg and. 9 i? 

— Ix'tween -.tratids of rope, ttq 
— skating an exannile ot, (^03-^64 

— walking uud, 8<)t, .S65 

-what wuiild iiapperi if il * e.isnd. 863 
Frigorlc. ohl idea of cold, 80 a 
Fringing Reel, fomiution of. 

Prog. life-Morv ol, 7?«S2-tt84 
Progbit. water-plant, how it survives 
winter, 1040 

Frogmen, ail about, 140^ 

FroiBiart, Jean, histnnan, 307 
Froet* lighting elTeris iii orchard, 2270 
Fruit, diflereiil tv]»es of, 804 
of |)lant, purpose of, 804 

— u>*e<l by Captain Conk against semvy, 
/t/9, 1120, I1J7 

what it i'^ made ot, gj 
Fruits, what they are liKe inside, 64S 
Frying, crackling noise accuiintod tor, 
u;’H 

Fucoft. genus of seaweeds, 341 
Fnlorum. exphiined. p 4 
Fuller’s Teaftel, lot dressing cloth, 748 
Pundv, Hav of. high inle iti, 845 
FungOft, edible, various kinds of. 4n 
Funnel* how to hold when blowing 
out a flame. 330 
Furnace, coiisiellation, rjo 
— electru., 229, j JO 
-—of loeomotive, 167, 1350 
— Reheat ing, 304, 205 

— Tilting, J04, 205 
Forae. Stt Corse 
Fusee, for watch, Ss4 


Qalaetfc fiyttem. ^0-42 
Galaxy, meaning of. 797 
Galena, nunerai whence leari H obtained, 
272 

Gales, diftereut strengths of, 470 
Galileo, and invention of tcIc**cope, 323 
“•■•and Milky Way, 42 
—discovered Pirce of .lupiter’s moons, 

270 

— cliscovcni Gibbon’s phase of Venus, 
502 

—discovered true nature of sunspots, 
367 

— similes Saturn, 85 

Galvaol, electrical expenmont with 
frog’s leg, 796 
Galvanometer, 1238, 7259 
Gamma-Rays, behavioui <if, 1037, 1038 
Ganoids, prehistoru' tlsfii.s, 299 
Ganymede, moon of Jupiter, 276 
Gaper, edilile mollusc, 74,79 
Garden ot the Gods, ruck pillars m, ss<f 
Oarratt Locomotive, facts about, 1333 
Gas, Cool, See Coat tias 
Gas. I «)smie, space filled with, 241, 242 
' cosniir, feintH'rature of, 242 

— tennienitiire rives under pressure, 163 

Gas-buoy, 

Gas Engine, all about, 2^.5 
* -for blast furnace, 304, 205 
Gas Holder, all about, 592 
Gas Lighting, introduction of. 3.33 
Gas Main under road, 7042, J043 
Gas Mantle, invention of, 29/ 

Gas Meters, all about. 269 
OasiropoJs. m Cambrian and Ordovi- 

' laii )»fjioflH, gj 

u-es for sliellh of, .322 
Gas Works all about, 334> 335 
Gathering Click of electric torch. 946 
Gathering Pallet, of (>raudfather clock, 
.tM 

Gauge, factory, tesimg, 703 

Gear, form of traiiMuission of powp-r. A35 

Gear Box, of moior-ivclc, 7224 

— * of ruolor ear, 76,1 

Gear Wheels, for double rudder, 7475 

of watch. 34 

— - —various types of, 834 
Geese, m Oligocene Period, iift6 
—white fronted, flight of, 764 
Osgenschein, or counter-glow, 413 
Gemini, oonsiollatiun. Delta, in, 727 
Gemma, star, 4/5. gnj 
Geneva Bible, 6fo 

General Post Ottoe. underground rail- 
way for, st8 

Geology, how it makes the landscape, 
*395 

Geometry, Euclid’s upset by Relativity 
theory, 900 

Geoghorfos, Brasilian fish, 1040 


Germination, of beans, 920 
Germs, how they enter a wound. 72,7 
Qeviers. all about, 359 
— ppwiiieing natural pigment, /J94 
’’uhost,** noises explained bv mstural 
cuuxes, tnt)S 

Giant's Causeway, ail ahout, 444 
Gibbons. Grinling, and S(. Faul's, bis 
Gibbous, niraning of term, 480 
Gibraltar, uiodeiate rlitnatc explained, 
7294 

-sinking into the sea. 31S4, 3fi3 
Gilbert. Sir Hamphrey, founded iirst 
Ungti<ili colony, hi8 
GUIs, of tadpole, r fS’j. 77^4 
Giraffe, all about, 774 775 
Glacier, all about, 3SJ 3S3 
—end of, in Ja«n)er Park, 7366 
— ‘Griiifielwalil, end ol. 7 42A' 

— how it wrors ioiUm, 1047. tOfS 
Jicf/eigM tormed from, 20A’ 

Glass. gi'‘l»e of, radial cracks Ui due to 
tnleinul nrcssure, 474 
— how tiiune, 40 j 

Glass ol Water, as i andiestiek. jo4 
GlanberSoltSi forming trystal^i from. 72O 
Glencoe, Massirre of, .Viy <SA7 
Gliding, tarts about, IjOj 
Globe, leir<‘'iti Oil, as .iccuiaie iii.ip, 135 
-tein'stiial, how iii.nle, yS9 

Globe Permits.” and south Sea 

Ittlbliie. 017 

Globular Cluaters, tacts atioui. 739. 700 
Globular Projection, ot harth. ijh, 47*8 
Glucose, how It helps out iniisrlcs, 436 
Glnten, inip»»rtance ol 111 w'lie.Tt, 971 
Glycogen, how 11 helps our niusLles, 430 
Onomonio Projection, 4'^8, 469 
Gnu, herd of, in S Alrn a, 725 
Goat, eotiHteilatum, 71S, 1)82 
Gobi Deiert. 179. 181,870 
Gold, tnulleabilit V of, 118 

possible eleCtrii charge in a gramme 
of, 02 b 

Golden Syrup, eonstnueniM of. 400 
Golf Ball, and liistuiitaneous photo- 
graph, 867> 

—elasticity ot. 394 

Gooseberry Biun. great length of roots, 
457 

** Qoose-tteth,” explained, 762 
Gorilla, ail about, 154 777 

— bones of hand, 7725 
Gone, life-story of, 803 

Grain, welglit, leim cxplruued, 7298 
Gramophone, how it changes iis own 
records, 440 

— how It reproduces sound, $71 

Gramophone Record, how made, 270, 

37 1 

Grandfather Clock, how it works, 3/5 
Granit^ how used for lighthouse, lohj 
Grape Sugar, formed by bees, 730.3 
Graphite. «ohesion ol under pressure, 
117 

Qrus, Bamboo, a gumi foim ot, 32^ 

— ceieals derived from, 971 

— proportum of water in, 845 

— r(K)ts preyed on by crane-lly laTva, 
57^7 

Grass Snake, facts about, tt 
Gravitation, and rlew drops, 570, 377 

— mol planets, 884 

— causes globulai shape ol uebulue, 

11.31 

— counteraried bv molion, 863, 1014 
— cfteci on thrown ball, 977 
— effects of betw'ecii Sun. Moon and 
Earth, 712 

—height HI whii'h overeome by ceiitn- 
fiigal forr.p, 7074, 13(18 

— how It artectH weight, H83, 884 
—how It help*- tirul hinders us, 7274, 

72J.7 

— machine lor creating excessive effects 
ol, J070 

— modem theory ot, 900 
Qravitatioo, of Earth mid Moon corn 

part'd, 15. tH 

— ot Earth, speed which overcomes, 
524 

— of planetoids, 1188, 1189 
— plants perceive, 920 
— pull of on different planets, 43 
— varying speeds of billing objects, 728*5 
— what would haiitien if it ceased, 67 64 
Great Auk, extinct bird. uU about, 0<)(> 
Great Bear, confvtellation, tjo. 4/5. 71S 
gHa 

— - -nebula in, 390 
shape changing, 9,56 

Great Bible, 6io 

Great Fire, and St. Paul’s Cathedral, 

Hog 

Great Fire ol London, all about. 781-783 
Great Gable, lock pillar on, 88g 
Great Galactic Nebula, 9^4 
Oreathead, Henry, builder of first 
lifeboat. 36a 


Great He Bible, 6x1 

Great Mortality, i'he, nil about. 377-»79 

Great Nebula, in Orion, 198 

Great Red Spot, 00 Jupiter, 274, S75, 

37 0 

Great She Bible. 6z i 
Great Storm. The. all about. 893-^97 
Great Wall of Obina, 35b, 1380 
Greek Fire, used by Richard 1, rj/ 
Greenland, dwarf birch trees in. 374 
Green Laver, edible seaweed, 347 
Greenfly, ladybird preys on, 743/1 
Greenwich. Meridian mark, 30 
' why chosen us Meridian O, 506 
Greenwich Observatory, electric master 
clock ai, Qih 

— - founding ot, 642 
Greenwich Time. 353-354 

Grey, Lady Jane, story of, 523- 528 
Grid System, of distributing electric 
powei, 400-401 

Grilling, effect ol on meat, 97ft 
Grindstone, example of lever, 4 
Ground, how ti sjiikn mid rises, 47/ 
Ground-nut, all about, 994 
Grouiidsnl. flying seedf ol lo 
Grove Battery, 1366 
Growth. Ill .iminals and plants, 437 
Guanaco. wild llama, 837 
Guericke, Otto von, experiment demon- 
stiuiing air pressure, 426 
Guided Missile, anti-aircraft, 79/5 
- iiseif bv Royal Artilleiy, b7g 
Guillotine, form of iever. 4 
Oninea-pigs. illustrate Mendelism, 509, 
511 

Gull Stream, and temperaturn ol sea, 
1324 

— - flisiiiictive colour, 737. 738 

elTcf ts if it changed its course, 1049 

Gun, shot from, illustrates Relativity, 
480 

-wh.ii h.ippen- when one is tired, »94 
Gnn Carriage, and team illustrating 
rentntiigal force, 6? 

Gunpowder, lust iiNcd bv Engiisu, 307 
--vsh.il tuiippeiis when If explodes, igj 
Gunpowder Plot, all about, osg 697 
Gurnard. Flying. See Klying (Mirturd 
Gypsum, formed at hot springs, i 794 
Gyro-TiUer. mechaniral pluugh-harrow, 
5><> 

H 

Haemoglobin, and malaria, 992 

— Mi our blood, 127 
Hail, all about, 7,P> 7lt 
Hailstones, largr* ds goose eggs, 730 
Hair, human, all about, 701 707 

— (’(itiibmg generates elcctmilv 767 

— ol bee, ,uid i>')Hvn, Oyo 

Halfpenny, moon hidden by a, 47 
Hallev, Edward, star I alalogiip of. 392 
Halley's Comet, Ooo (mi 

— --pci loci ol ret lit u, 12 2b 

reappearance first seen by camciM, 

955 

Halo, round muon, origin ot, 385 
-- roiiiul shfolow ot aoro}vlane, 1114 

— Ulloa’s Cut h-, 77/ 

Haloes, round Moon, b3o 
Hamsl, star, i ?». g8j 

Hammer, why it drives nail into wood, 

far 3 

Hampden, John, mid Ship Money, 721 
Hampton Court, maze at. 1308 
Hand, hninaii. facts about, 7725 

— human, wnnkUis comtiated with 
l-arthS trust, rya 

—of apes, 7J25 

Handpress, example ot inclined piano, 8j 
Hanging Gardens, Bahvlon, 7/14 
Hang-neits, birds, nests ot, 77,70 
Hard Water, explained, .3,37 
Hardness, dencuds on cohc>uoii. 118 
Hare, cmistethtfion, 130 
Harold, Rmg of Engfiind. «3, S7 
Harrow, rnechanicai, 5(9 
Harvesting, by machmery, 794, 795 
Harvey, william (Jiscovered circulation 
of bUHid, 1041 
Hastings, Baltte ot, 26, 27 
— scfi-froiJi. !0J5 

Hastings Warren, story ot. 7143-1/49 
Havelock, Sir Henry, and Indian 

Mutiny, 737?. IJ74 
Hawaii, Capimn Cook at, tjtay 1/34 
Hawkins, Sir John, and Slave Trade, 
1309, 13T0 

Headstock, and railway buflurH, tooo 
—of bfill, 234 

Health, how the wind brings tt to u», 

^05 

Hearing, centre of in brain, 321 

— -»ear centres, 673 

tiierhanism ot In bram. 547 

Heart, buinan. construction of, 1041, 

1042 


1450 
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Beart, human, comparfd with tnechaitl* 
cal pump, 746 

— '-huiTian. force it exerts, 1251 
human, how it pumps the blood, 

togj, fo5^ 

^hunian, number ol beats per 
minute, ia5> 

— human, «i?.e ot, 1051 
■ — huniaii. weijfht of, 1051 
— hinnaii, woik of, i^$r, I852 
Hiarfc Shell. edible rnoUi]<vc, ijjp 
Seat, condurtion ol explained, it6x 

conductors of, *(ood and bad, 

Sgif, Ad.l 

exptuisnon, rained by, rrOo. nOr 

<- -farts about. ftQ3, ftgj 

form of cnerity, 533, 

how absorbed by rcfriperator, 

jgfia, nSj 

how divided from the Earth by 

pLiOts, 45 H 

sterilises food, 077 

BeaTam. the, how they move round, 
/rr;, jj//< 

Beaviside Layert. reflect radio waves, 

— ■■ in atmosphere, S(^l 
Hedffihog, all about, 7044 
— ealiinr udder. 7437 
Hedgehog Oaotos. 5^5< 5i^ 

Height, greatest to which man has 
ascended Snj 

Heights of Abraham, and capture oi 
Quebec, roja, 1033, rnjfi 

Helestooe, Stonehenge. 10 
Helieopter, all about, r?6v 

’ rn*nal “ motorM'vcle,^’ tajo 
— laviux jHiwer cable, 1430 
-odd jobs for, 7iS4 

— variouH types, 34 
Heligoland, facts about, 7/7^4 
Heliogabalui. Koman emperor, 12 
Heliograph, for signallinu. tzmi 
Helinm, discovered by astunumers, 44, 

844 

— —in Sun In-fore on Earth. 128 

— found In geysers, 1 104 
—how found lu Sun. 088 
Hematite, tn iron tnanufaciure, 516 
Hen. «s egg factory. 7^''’ 

Henry I, King of England, 37 77-71 
Henry Zl. King of England and Tlioinas 
HecKct. /fi/ 'io.) 

— - Fiiir RofUitnuiid and, 130H 

flogged as pioiancc. to f 

Henry III, King <»f Engbind, 189 
Henry IV, King of England, 153 
Henry V, King of England, 35.t 
Henry VI. King of England, ./s.'t 35,5 
Henry VII. King of England ami Perkin 
VVarbi’ck, 439-461 
441. 44.1 

— —and \Nolw*y, 498, 499 

Henry VIII. King of England, .'ind 
Wol'icv, 407 ^00 

Herb Robert, plant, by day und night, 
77 S 

Beroules. constdletion, 4/5. ?rf<, 759, 

(fHj! 

Star cluster in, fiM 

Herdaman, consteilunun, rjo, 4/5, 7;^, 

<),SJ 

Heron. Giant, tacts about, 07 s 
Hero ot Aiexandria, i^team engine, 93 
Herring, as food, constituents of, 406 
Hertohel, Sir William, 42- 44 

— - -discovers l^ranus. isi, 132 

Revelitii. Johann, and periscope, laoi 
‘‘Highi.” all ernaiive name for anti- 

cvrlones. T171 

Hillary, Sir William, inundfir of National 
LIfebo.'ti lustitntiou, jfta 
Himalaya, meaning of, 018 
Himalayas, geology af, tufl 
Hipparebns. Greek asfrunomer, and 
early star map, 642 
Hippoj^tami, herd seen from air, 57^ 
Hippopotamus, mi about, 34 j 
—in London Zoo, how separated from 
young one, 1440 
—lying in water, iojg 
Holly, all about, 432 
Hedy Land. raiestine 
Homolographlo Prolection. 4^8, 469 
Honey, constituents of, 406 
—how nude by bee, 67a 
Boneyoomb, cells, formation ot. 828, 
S30 

— —in beehive, 

Hooghly. Biyer. monsoon over, nij 
Hooxe^s Law, of elasticity, 594 
Hoofcit tor lifting weights, all about, 
HiTt, 819 

Horiaon. always circular, proving Karih 
is round, J56, 357 

— and proof that Earth Is round, 639 
-"disappearance of ships below proves 
Earth in round, 356 
HonihiU. all about, SU 


Horn of Plenty, edible fungus, 4 J.t 
Horse, bones of foot, 2.725 

— how man domesticated the, 

—skeleton of, 58 

—wild herd, 68, t 
Horse Power, explained, 144 
Hone*! Head, dark nebula m Orio, 
242. ^43 

Horse Tails, plants, in Carboniferous 
Period, 299 

Hose, on brc-cscaix!, / 700 
Hot Coke Conveyor, 602 
Hot Springs. Algeria. 7394 

mineral deposits of, 472 

Hounds, constellation, 42;, 

Hour Glass, 444 

House 0! Commons. Char^-s 1 and, 779 

Prime Minister assassinated in, 

7337, raaS 

House l^ider, all about, 235 
Howe. Elias, sewing machine patented 
bv, 767 

HngaenotS. settlement in Florida, 637 
Human Engine, how kept working, 

73 *< 6 , t ^H 7 

Hnmble-bees nreved on by mice, 799 
Humming Bird, rapid flight ol, 1417 
Hnndred Years’ War. lrt*ginniiig of, 307 
Hurt Crepitant. .Stic MiinkcyS Diiiiier 
Hell 

Hnygens. Christian, discovers Saturn’s 
rings, 83 

Rvaolnth, wild. sVe Hluebdi 
Hyades. corKtelUtion. 2 fo, 982 
Hybrid, origin of term, mi 
Hybrids. facial about, .509, 311 
Hyde Park, part of hunting ground of 
Henry VII, 441 

pliiiietoid c.omiuircd with, itK? 

Ryder All. ruler of Mysore, and Warren 
Hastings, 1148 
Rvdra. constellation, y/3 
Hydraulic, meaning ot, iHs 
Hydraolio Engine, lor working Tower 
Bridge. 364 

Hydraulic Jack, how it works. 67-^ 
Hydraulic Lift Look, for ships, ,76.7 
Hydraulic Lilts in Tnwei Bridge. ;i6<i 
Hydraulic Power, ol Niagara Fulls, 
590. 592 

Hydraulic Presa how it works, 184 
Hvdro-electric Power, at Ni.ig.int, 590 , 
Hydrogen. <I< tion m electric cell, 2265 

— fl,unc!» ol Iroiii Sun, 686 , 688 ' ' 

— how to make iron filings, and auetile 

acid, 346 , 

— proportions in air at diflfoeeo.t, 

heights, 1026 . 

Hydrogen Atom, composition ol, jx,dfr 
Hydrogen Light, photogiaph in. 

«44 i 

Hydrogen Peroxide, and bit*aching, itiki' 
Hvdroponioa. /027 
Hydrosphere, m proportion to 

80 r ^ . 

Hyopotamus, fliigocene antnuils. I 
Hypi^Wa. a'l section of cone, 600 | 

— comet orbit, 1226 ' 1 

Bypoaulphite of 8oda> cxiienment 

776 ^ I 

Hyracodon, Ohgoccnc animal, rrfc ^ ^ 
Hyraootherium, ancestor of hors«« Jfjo;; 


Ice, all ttboul, 656-658 

— blanket prevents molting, 892 
--crystals of, from snowdlakes, sftq , 

— how a weighted string cuts tluruuj|k, 

—of glaciers, ,383, j8s, 7047, 7048 

— Pol.’ir Hear niake.s journev on, 135^ 
—precipice of, 2.766 

-weiiihl of cubic foot ol, 726 
— why it floats, 638 
-why it is slippery, 864-864 
toe Age, canaed by Cosmic Dust, 
theory, 1423 

Icebergs, and shipping, 306 
— different forms of, iiu 
—enormous sue of, jti2 

— how tliey are formed, 308 

— in Aiitarrtk , 7089 

— proportions above and below water, 
7712 

Ice Breaker, ship, 997 
toe Crystals. form halotw round Sun 
and Moon, 620 

— —In Antarctic, 1089 

loaland, great volcanic eruption in, 307 
Xodand war, efioct of on light, 7390 
— rofraction of light In, staa 
toe Patrol. International. 306 
toe Skatiiig. 862, 863. 864 
— pantomime, 862 
loe*table, how formed, 2047 
Xohnenmon. preys on crocodile eggs. 
*038 

lehthyoianit, in Triassic Period, 313 
length of, 796 


Iguana, ot Galapagos is., all about, 4H3 
Igaanodon, on Cretaceous Period, 993 
Inclined Plana what wr owe to the, 

79-87 

Independenoa, Declaration 01 American, 
1096 

India, beginning of British rule. 967, 
908 

— founding ol British Empire m, 
2009-2022 

— monsoons 111, 8 73 
•"Warien Hastings and, 1x43-1149 
Indian Corn. Maize 
Indian Hntlny, beginnings ot. 2,772- 
Ll,?.7 

-qiiciliim of tho, 2.772 7376 

Indian Ocean, tcm^n'ratiin* of, 1 72^ 
tndia*rttbber, elasticity ol, 393 
lodieated Horse-power. 144 
Indo-Ohina, Tonkin L.ake, jAi'6 
Indus, dam across, 879 
Industrial Revolution, all about. xoOi- 

4065 

Inertia, all about, 565 -56^^ 

--w'hat It IS. 63 

— Ml hat would happen if it ceas*‘d, ^68 

Infloreseenoe. form exj^iained, 1248 
Intra-Red Rays, air photograph of 
London with, xo86 

— - ami photography, 776, 977 

— — Mars photographed with, OOi 
- — w'hat they arc, 466 

Ittluforia, fomi of pi.inktnn. Moo 
Inftxsoriaixs. cause fihosphorescuncc on 
sea, 284 

Ingot, of steel, in rolling mill, 20,4 
inheritance. Laws of, sio 
Ink, corapositloti of, 226 
Ink Blot, how it dfies. 226 
losectary, used tor hilicrnating lady- 
birds, 1438 

Insect-eating Plant, Ne(?onthcs, 238 
•* " Suu-Dew. 24 I 

V'emi*. Fly-’lraf», 24 1 

Insects, how caught by Te.'iHc), 748 
Instinct, apparent signs of in plants, 1 
4/4 

Inspection Covers. Street, what they 

mc.in, J042, 1043 

Insolation, and e}ectrn>niagnet, 1343 
IntuUn. how It helps our tnu%<'les,'436 
Intaglio, meaning of, 422 
Interlerometer. at Mt Wilson Obser- 
vatory, 78^ 

Internal Combustion Bngine. Diesel 

type, 2j.t, 331 

jwtrol type, 768, 769 

—jet, 24S 

Intersecting Conical Projection. 46; 

Intestines, human, 746 

Jo moon of lupitei, 270 

Ionosphere, ^01 

Ions, and sunspots, 1166 

IrU. of eye, gives colour to eye, 577 

--of eve. what it doob, 464 

Irish Moss, edible seaweed, 742 

Iron, being drawn froai blast furnace, 

474 

— facts about, 204, 20s 

— magnetised quicker than ateel, 1343 
— niaiiufactute of, .313, 316 

— process of making, 204, 405 

— vital importance to civilisation, 433 
Iron Nauutaotore. drawing impurities 

from molten metal, 434 
Iron Ore, treatment of, 434, 438, 439 
— “Opeu-ca»t mining, 880 
bonwork. examples of, 526 
Irrigation, dams for, 878, 879 
ISinglasi. Japanese, seaweed, 341 
liland Gniverses, facts about, 759 
Isle ol Wight, how its coast alters, 7J4 
Isobart. »!> about, /4./<v 
Ilohels. icrni explained, 124M 
Isohyete. term explained, 1248 
Isotherms, all about, 1248 
Isotopes, all about, 2037, 22258 
Ivory, olastintv ol, 597 
—farfs about, 995 
lyy, u- aves of, 546 
Iiard, form of cb.uiiois. 74 7 


JiOk, Cooking, working of. 1041 
—Lifting, all about, 677-678 
— (*n hre-escape, r 700 
'-origin of term from Christian name, 
678 

— used for felling trees, t86 
James L King of England, and Autho- 
rised Version of Hiblc, 6xi 

-and Sir Walter Kaleigb, 640 

character of, 689 

James H. King of England, and Duke 
of Monmouth, 836 

,iil Battle of thu Boyne, 839 

James IV.; of Scotland, and Pui'kin 
Warbeck, 4^1 

Jmianese, Dwarf tree culture, 374 


Jasper Batjonal Park, earth pillar m, 
7739 

— — . .^glacier in, /JOA 

Java, results of eruption in, 77s 

Jeans, Sir James. 41 

and R(2lar system, 146, 147 

— find Slat 'Cities, aoo 

- --.lud Sun’s heat, 137 
Jeffreys. Judgt*, and Monmouih’s re 
bellion, 873, 836 

Jefferson. President, sculptured on 
cbfl. S59 

Jelly Fiuh, all about the, 41,8 

— -Cambrian ancf Ordovician pernjd, 
9.1 

Jenolan Oaves. Austudia, stalactites m, 
:t »6 

Jet Engine, how it works, 348 
Jet Propelled Aireraft, / J03 
Jet-propelled Speed Boat 98^ 

Jews, triMtiuciii (li by King John, 139 
trcatiiKMil 1)1 during Black Death, 
;.Vo 

Joan ol Arc. 

John. King of England, 132. 137. 

139 Jl»I 

Joy Wheel, illustrating centrifugal 
force, 62 

Juniper, Dwarf tree growing, 774 
Juno, plant’tnid, facts about, 22<V,s\ 1189 
Jupiter, planet, all .'ibout, 274-276 

- diameter, 274, 27,3 

- distance from .Sun, 241 

- gr.*vit;itmn jmll of, 43 

- Gre.'it K<‘d .Spot, 274' 276, t40\ 

- sue of compared with Earth, 274 

- size ot C2unp.ired with Sun, 127 
....weight of mass of. 273 

'What a mail would weigh on, 88 1 
Jupiter, statue at olynipia, 22/4 
Jupiter Serapis, Temple of, 472 
Jurassic Period, hfe in, 713 


Kangaroo, ati about, 428, 429, 430, 431 
Kant, Immanuel, and the Universe, soo 
Kay. John, invented flying shuttle, 
loox, 1062 

Keel, of boat, and sailing against the 
wind, J003 
of (iorse flower, A'os 

Kent Coalfield, convevors for, 003, 604 
Kentucky. M.immoth Cave, 32 
Kepler. Johann, and missing planet, 
xi8'» 

— and orbits of planets, 85a 
Kettle, boiling with heat and cold, *243 
Key, as lever, 4 
' for tumbler lock, 708 
-how It works in Yale lock, 81 

Keyboard, of organ, 903, 904 
Keys, all about. 

Kidneys, human, 746 
KUdare, Earl of, and Lambert Simnel, 
443 

KUlieorankie, battle of, 839 
Kinetic Energy, expi.'tined, 1273 
King-Crab, 97 

King George V Graving Dock. 2 779 
King Pengnina. all about, 296, 397 
Kite, flown 1)V Benjamin Franklin in 
lightning experiment, 490 
--III lightning expennitMits. toor-xnoj 
-why it flies. 827 

Kneading Pan, m niaeldne bakerv. 

706, 707 

Knife-grinder, example of trant>mti(e2j 
power, S3 3 

Koenig’s Apparatus, all af>out, 49.3 
Kolibrio, hirui of helicopler, 24 
K^katoa. eruplii^n, 1322 
greatest expilosion ever known at. 308 
Kreislar. Frits, violimat, 258 
Krypton. elenU'iit, Hoy 
Knbelik. Jan. viol) ni. si, 458 
Konsen, Baltic town buried by sand, 7; s 


Labour, wages in x^th century, 3H7 
Labonr Conditions, changed by Bhn k 
Death, 379 

Labrador Cnrreot and temperature of 
se.», 1324 

Labyrinth, facts about, 1308 
Labyrittthodon. Carboniferous .mi phi' 
btan, 299 

Ladder, examples of lever, 4 
- of Fire-cscape, 1300 
Ladybird. bow cmiployed to reduce 
greenfly, 143S 

Laennee, Rend, inventor of stethu- 
.scorn*, 409, 4x0, 41 X 

Laga Falls, Chiii;, 2.7x2 
Lagoon, of coral island, Hm6 
Lake, circulation of water in, 839 
-in mountains of Aiaaka, 2294 
-"‘2 4 miles above stta, 206 
Laminaria, Genus of sea weeds, 341 
J«amp, form of, used for telling time. 444 
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LanOMier, House ol, 

Laod Breese. of, gou 

Land^l Bnd. Wolf Ko<;k Lighthouse, 5; 
Lautem, «f UBhthouse, 5a 
La Paa, Hohvia, dilhcultv of boilmn 
water at, 347 
Lapldnd, reindeer in, 616 
La Roohaila, Charles I and ot, 730, 
7ii 

Larynx, function of, .746 
> human, and singing, ,74^ 

Laating Maebine, at work, ;.v.s 
Latchkey, why it opens the front door, 
,V| 

Lateral Invereion, of image m mirror, 
033 

Lathe, and crank. 1337 
Latitude, ail about, 5^'5-507 
f»riKin of term, 505 

— why places on the s.itm* have 
cliii'erent temp(*ratiirrs, ii'rv4 

Latitude and Longitude, huding piae« s 

on map by, 30A 

- — variations in degree^ ot. 107 
Laundry, how its work ts done, 7/ 1 
LaurenttO, White Star l.iner. gold salved 
from, 473 

La?a. all about, moo laoH 
-behaviour of, 386 

- -dikes formed by, 

—form taken in cooling, 4.'/ 

-why thrown out by volcano. /(1.V7 
Lawrence. Sir Henry, and Indian 
Mutiny, /J7/, 137^ 

Lead, cohesion of under prt ssuH .117 
Lead Piping, how it is made, 

Lead Preee, for electric cabU* making, 

iVao, A’4r 

Leal inside of a, H47 
-of tree, protective tissue formed 
before it falls, 7035 
Leaning Tower, P»»a, taH(i 
Leather, Tanning, all about, 
L^her-Jaoketl, Crane-fly larvae, •iit 
Leavee. different shapes of, IJ4 

— impurtunce of to trees, 546 
—pass of! water, ^(45, ft 47 
—rustling explained, looH 

— varying ouihues of, 4H4 
- why shed in winter, /055 
LedanchA Battery, tso 
— explained, mUfi 
** Leeward,'' meaning of, 470 
Leguminoua, meaning of term, lofx) 
Leguminoua Plants, all about, 1069- 
1071 

Lemur, bones of hand, 73^.5 
Lens, compound for trick photo- 
graphy, 1100 
—111 biiriiing glass, 349 
in lii^hthouse lantern, 50 
• III microscope, 2? 

— Ill periscope, 1201 

—of nuiuuii eye and < (luierii i ompared, 


-of magic lantern, ,76 
of spectacles, f ftiu t on eye, 690 
Lentils, b •giirnirious plants. iut><> 

Leonid, ineloors, 109, no, in 
LMpard* about, ^49, ^50 
-killed by chimpanrcc, 8oj 
Le^ocephalus, adulescent form of 
Common lit*!, 43.1, 433 
Lespedtaa, plant, by day and night, 17^ 
Lever, all about the, 7-5 
-identical in principle witli pulley and 
wheel and axle, / 167 
— of weigh-bridge, 7^9 
— Primitive Man and the, j 
— three orders of, 3, 4 
Xtevers, m sewing machine, 766 
Liberia, slavery in, 1314 
Lick Observatory, 4% 

Life, dependence of one form on an 


other, 799 

Lileboat. all about, jr./, 

Lift Lock, for ship cuaal, \(> 1 
Light, aberration of, ,79/, 

- always travels in straight lines, zao' 

—and distance, propoilion r>f decrease 
III brilliance, 77^ 
and shadows, 733-735 
—angle of, broken by water, 779 

- Iieams of. used in testitig weights and 
measures, 70a, 703 

behaviour of rays, 
behaviour through pinhole, 983 
— Iiendiug of discovered, 899 
' tieriding of rays, 779 
-bent in tumbler of water, 3364 
* breaking of rays, sjs 

- brightest artificiai, 891 

— s'onipositlou ut, experiment showing, 

t4» 

—cone of in sky, 413 
— Piffusioti of, <573 
— effect of diHtaiioe on, 77^ 

— rttocts of in roiubow, xo 


Ught. from siar-", roiiditions under 
wdiK h it real lies us, 39.' 

— how controlled in liKhthouxe lantern, 
5a 

— now ravs are beat in binoculars. 120T 
—how split up bv prism. 430 
—Importance of to plants, 540 
—polarised, facts about, i jgo 
—rays bent in microscope, a? 

—rays bcijl in periscope, ijoi 

— -rays bent to form mirage, it^fK r/37 
—reflected, facts about, 

-reflection of, 675 

’-rclraolion, halo lound aeroplanes' 
shadow, iriJ 

— Relativity o\, Hj3 , 8ij 

— seven primary colours, jn 
-speed of, 15 

— speed of, discovered bv Danish 
nstronomer, 274 
-speed of, measuring the, //3 

— units of measure for, 891 

— use of 111 blo( k making, 596, 597 
-v.'irlons tlieofies of, 899 
Light-Gate, for sound film, 6, 7 
Lighthouie. Benchy Head, 906, 23/9 
-Kddystone, relief boat at, 1318 

— first story of, 896, Ay • 

— how built, J067 

— lantern of, 32 

-limited range of light. 891 
— Soutar 1‘oint, 1005 

— wonder of a modern, 5/ 

Idghti&g, dcvclopnieut of, 1077 
Light-Min, radiometer, all about the, 

466 

Lightning, all about, sSo-jj/a 
— causes of, 1427, 14^8 
— freak behaviour of, 380, 282 
— globe, all about, uiy 

— produces nitrogen compounds, 280 
Lightning Condnoton, development of, 
/oor, jooj 

Lightning Flaihei, s8o, 2^2. too.' 

Light- Rayt, all about, sjo-jjj 

— bent by water, 804 
— cross in eye, ijjo 
—split by crystal, /390 

Light Waves, affected m passing 
through dillcreiit subst-iuces, / 390 

always iruvol in straight lines, 221 

Light Year, combtnaliua of space and 
time, 9u« 

-meaning of, 4* 

Lignin, and bleaching, 116? 

Lima, sulphate of, in hot springs, 2394 
used in taiiniDg, 1269 
Limelight, m magic lantern, 36 
Limeetone, used in blast furnace, 404, 
203 

— worn awiw by Niagara. 47 
Limeetone Cavet, and Cheddar Gorge, 


Utiw foruicrl, jj 

-production of stalactites, tjO'ijS 
Lime Tree, flying seeds, m 
Limpet, edible mollusc, 7439 
Llnaria Cymbalaria. method of seeding, 
574 

Idner, model of tested in tank, A56, A57 
- oil-driven, uses natural foices, 536 
Links, of chain for lifting big weights, 

8 ld, All) 

Linotype Kachine. all about, 3 ja, 3,39 
Linseed Oil, prodm t of flax, 830, 831 

Lion, 7 

before and after feeding, 644 
— bones of p.'iw, 1 
— compared with tiger, 949 
-tail of, O44 

Lion, <onstrl]a(ion, /jo, 413, 77A 
Lion ot Lucerne, 

Lions, all about, f}44'fi47 

Lisbon, iiairow esc.ipe fioin meteor, 324 

Llthodomns. tmirine mollusc, woik of, 


LitLosphere, m proportion to whole 
liarth, Hot 

Litmus Paper, expenmcuts with, 246 
Little Bear, constellation. 130, 425. 7/A, 
9A4 

Little Dog, lonslcllation, / 70, 423 
Little Lion, constellation, 230, 425, 728 
Liver, how It helps our muscles, 4^0 
” human, 746 

Liverpool and lEaaoheeter Railway. 

tsys-iaSi 

Idtard, flymg, of Jurassic age. 723 
— British, hibernation of, tUhS 
Idama, facts about, 8 jit 
liewellyn, Welsh patriot, and Kdward 


1. 190 

Lloyd Barrage. across Indus, 879 
Loaves, wrapping by niucJdtiery, 742 
Lobster^ catmg a crab, 455 
—giant, from America, 745 
— habits of, 455 
Look, canal, explained, 88 i 
—lift, for raising ships, 30 7 


Lock, iGnama Canal, r/jy 
— tumbler, working of, 708 
— Yale, working of, Sx 
Looking Bar, for railway rK)mi<i. 333#. 

Looks and Keys, alt about, ^88 
Locomotive, amount It can raise itself 
m an hour, 1251 

—apparatus for testing speed while 
stationary, j86 

- articulated, 2752 

” British ainl Canadian compared, 2045 
building a diesel electric, 

-classitied by wheel arrangement, 838 
'• controU, 2349 

-diesel electric, how it works, 964 
—driving cab, T349 
—early tvpes of, 1278, 2x79 
— example of using natural force:», 2442 

- giant, specially ouilt for curves, 2352 
—how it draws the tram, 266, 1O7 

■ how supplied with coat, 880 
-making wheels for, 378 
Pacific tyjMS, all about, ij^/k IJ31 

- ready for work, 790 
--taking ill water at speed, 626 

- wheels, all about, A 77, An’ 

— wheel arrangement of Garra'l type, 

735/ 

Locust, all about. 13^4 
Loess, soil, 7 1 1.3 

Loganberry, produced by Luther Bur* 
bank, 1233 

Logan Stone, St. Levau, Cornwall, 9X9 
Logarithms, inventor of, 549 
London, amount ot mud falling on 
annually, 421 

—and Jack Cades' Hebellioii, 354 
—and Wat Tyler's rebellion. 330 
—area of, 449 
City’s coat of anm, 331 
condition of during Black Death, 278 

- danger to from underground drain- 
age, Hit 

- -Iirst gas lighting in, 333 

fogs, 4X. 46, 47 
-Great Fire of, 782-735 
—growth of (1600-1950), 338 
— how its level has risen, 3/ 

—length of longest day in, 2.V3 
— Post Ofhee tube railway, 5 /A 
—rebuilding of St Paul’s, A09 Mjj 
— Richard I offers to sell, j jr 
— site of in early limes, 338 
• water mains ih, 186 
— Wren’s plan for rebuilding, 7A4 
London Docks, Ivory warehouse, 995 
London Fire Brigade, 1301 
Long Bow. ethciency of, 307, 30M 
Longitude, all about, 

Long Parliament, and Oliver Cromwell, 
749 * 

Long Sight, explained, 696 
Looking-glass, all about reflcctious in. 
bji-baj 

Looming, kim mirage, TJ3b, 1137 
Looping the Loop, by jet hghter, not 
“ Lords and Ladies," berries ot Cuckoo- 
Pint, J07 i 

Lord's Prayer, proportion ot Saxon 
words in, On 

Loud Speaker, at cinema, 6-8, 770 
of gramoj)hono, 440 
—on fire-escape, 1300 
— working of, 99 

" Lows," alleriidtive name foi cyclones. 

1171 

Lucknow, siege and relief, / 772- 7374 
Lucy. Su Thomas and Shakc^'peare, 
6213, (164 

Lukin, I ionel, inventor of lifeifoai, 361 
Lunar Haloes, all alxmt. tun 
Lung-Fish, how it bunes itself, 257 
--sleeps during summer, 757 
Longa xrid conimctiori with heart, 104s 
— how they aid oui muscles, 4^0 
-human, 74ft 

Lupin, by day and mgln, /7A 
Lycopodium Powder, experiment with. 
350 

- -in vibration oxporiments, ojb 
Lynx, constollatidu, 730, 425. 728, 982 
" Lyni-eyed," term origmaleii from 

the caracal, 3123 

Lyre, constellation, 475, 7 2 a, qSa 
Lyrid, meteors. 109 


Hacaw. facts about, raja 
MaoDonaid, Flora, and Prince Charles 
Edward, 943, 944 

Maohan. platform foi tiger shooting. 
95^ 

Hachinery, as dominating force, 1264 
—many kinds lound in the home, 1041 
KiOhlnM, the greatest of all, 95-^97 
— the sitnplest of all, 3 
- the very first, 3 

— worked by animal power, 7204, 7205 


Haokensie River, delta of, aHj 

Madrid. meteotite bursts over, 524 
Mackerel, dependence on sunshine, Hoo 
Magatine, how printed, 142, 743 
Magellan, Ferdinand, first sa ted round 
world, 5S1 

Magellan, dtralts oL Drake navigates, 

c Clouds, facts about, 759. 760 
Magic Lantern, explained, 36 
Ntagna Carta, all about 259-767 
— and Charles I, 720, 721 
—facsimile of document, t6o 
Magnet. ><« also Klectro«Magnei 
— in loudspeaker, 99 
Magnetic artivity, on Earth, and Min- 
sputs, cl) irt of, 7 166 
Magnetic Bccdlc, variations in, coincide 
with Aurora and Sunspots, 808 
Magnetic Storms, facts about, i£66 
Magnetism, early discoveries in, 39/, 
398 

Magnetite, in wrought iron manufac- 
ture, 575 

Magneto, of motor-cycle, 1224 
Magnifying Glass, and Sun's rays. 549 
Mahogany, plant, by day and night, 178 
" Maid of Horway," the, queen of 
Scotland, 211 

Maise, germination temperature ot, 458 
— varieties of, 1 360 
Malaria, all about, 990-992 
— how exterminated, 99a 
-life-story of gerra, 990-992 
Malleability, depends on cohesion, iis 
— how It aids engineering, 575, ffb 
— moaning of, 1 18 
—of gold, 1 18 

Mammals, that lay eggs, 1414 1470 
Mammoth Cave, of Kentucky, 32 
Mammoth Grove, California. 59, 374 
Man, actual value of bod\, 2/4, 22s 
— skeleton, compared wilh uniinah', 4V 
— weight on different r>lanets, 43 
Mangle, gear wheels of, 845 
— oiling wheels to reduce friction.* ,‘o.' 
Manhole Covers, what they mean. 1042, 
i<>43 

Mansfield. Lord, slavery decision, 1 (ii, 
1 \12 

Blanure. replaces nitrogen, 7070 
Manyplies, third stomauh of ruminant, 
979 

Map. of Atlantic, showing currents, 5/' 

• of British Isles, showing tides, 825 
—of Earth on a wall, 23/ 

— of Europe, 42 
—of Eotidon, 75a 

— of world, showing deserts, 68, 2A2 
— of world, showing Time Zones, 254 

- showing Drake’s voyage, 555 
Maple, dwart tree growing, 374 
—flying seeds of, 10 
Map-making, aerial photography lur, 

7 294 

— all about. 734-737, 467-469 
— .St. Paul’s used us “ crows-acsl ” for, 
812 

Maps, astronomical , how made. 642. 

-unavoidable distortions of, 136 

- usefulness of, 134 

—why they are not accinate, 735 2 27 
Marabon Feathen, trade m, 7074 
Marabou Bterk. Su Adjutant Bird 
Mare Imbrium, on Moon, 7/76 
Mare gerenitaa, on Moon, 7/26 
Margarine, made from coconut, 341 
Markab, star, 130, yrS, 982 
Marlborough, Duke of, and Monmouth’s 
rebellion, 834, 835 
Marmoiet, bones of hand, 2324 
Marquli Wheat, 974 
Marf, planet, all about, bbo-bbj 

- "canals” on, 66t» 662 

• diamotcr comparod with Earth's, 662 
greatest and le.ast distances from 
Earth and Sun, 661 

—gravitation pull of, 43 

—inhabitants, 661, 662 

— length of day, 66t 

—mass ot compared wilh Earth’s, bbi 

—moons of, 667, 662 

— orbit compared with sire of Antares, 

7000 

—orbit crosses that of Eros, 66** 

— sixe compared with Sun, 127 
— Sun as seen from, 898 
Manhee. how formed. 304 
Mareh Gaa» end Will-o'-tlie-Wisp, 884 
Martha Waihington Rook, Oregon, xjpx 
Mary, Queen 0! Btngland, proclaimed, 
.52» 

Maai, depends on speed, 900 
Htaia and Weight, difference between, 
883 

Matter doek, electric, 046, 947 
Matlodoa, type of locomotive. 838 
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pushing without over- 

baUncihg, 

Urntflgm, Queen ol England, 73 
Vitriz, in Linotype machine, 5J«. ,S39 
llttterlioni, a)) about, i6S 
—how It wa* first climbed /dg-i?! 
ll»tthow*i Bible, 6x0 
Hftorolyein. huge crater on Moon, 3/0 
llaiil 0 leiim« at Halicarnassus, tit 4 
llaie, facts about, 1308 
Meadow Sage, fertilisation ot. H4S 
' Meander, term explained, <>31 
Meamril^ to millionth of an inch, 70J 
Meat, efiect of cooking on. Q7fi 
Medina Sidonia, Duke ol and the 
Armada, 580, 583 

Madlterranean 8^ temrx'rature at 
different depths, 1324 

— —why aaltcr than Atlantic, 7,** 
Medneae^ sea cj-«atun*8, 438 

Meernt, outbreak of Indian Mutiny at, 

133^ 

Meloombe Begin Black Death began at, 
277 

Membrane, of rose. xi8i 
MendjBl* Oregor, discoverer ot Men* 
detism, 509 511 
Meadelism, all about, 300 -31 1 
Merak, star, rjo, 4/3, 7/^, t)Sj 
Merapii ML. Java, results of ctuptioii. 
772 

Mercaptan* penetration of smi'll. 11S2 
Meroator^a noieotion, 407 
— inaccuracy of, 136 
Mercer, meaning of, 387 
Merobant Adventnrexa, Caxton Govern* 
or of, 387 

Merenry, boiling point, 124,3 
—density of, 465 

— forms into spheres when dropped, 530 
— freezing point of, 637 
— iron floats in, 465 
—used in w'eighini^ the Earth. 74, 77 
Mercury, planet, distance from Sun, 8<)8 
— gravitation pull of, 43 
— beljis proof of relativity, goo 
— sue of compared with jinn, 017 

— Sun as seen from, 8^8 

Mercury Trough, for lighthouse lantern, 

5iJ 

Mer<^e-Glaoe, Swiss glacier, speed of, 

Meri^an. an ellipse. 30 
— of Greenwich, 30 

— origin of term, 306 
Meiohippus. OJigocerie animal, 118O 
Meiquite, plant, long roots of, 843 
Metali, definition of, 340 

• nialtcabilitv and ductility ot, 3/6 

— welding, 1016, 1407 
Metal-Working Machine, Giant. 738 
Meteor, exploding ui mid ’an, //o. nt 

— me.'isurmg height of, ig 
Meteor Crater. Arizona, 522 
Meteoric DntL found in Arctic, ui 
Meteorite* for<>st devastated by, 84J 
—giant, crater made by, ,322, '523 
—giant, in Denmaik, 31 f 
—largest known. 323 
Meteorltee. coniprTsitiou ot, rocfS 
—height they become visible, /027 

— lesson spend of Earth’s rotation, 684 

— number reaching Earth every day, 

HI 

— shape* of, J008 

— theories of oiigm, 324 
Meteorology, lliu linn's rcriods, g6o 
— historv of study. t3h7, 1 lOS 

— 'm.aking sunshine records, 

— records of sun spots and storms, 1028 
— records from balloons, toafi 
Meteors, all about the. jog~/jf 
— bring heat to the lC.u th, 1 1 1 
—giant, all about, 52.^ 52/ 

— niiinbei estimated to bit E.irth 
annually, 523 

— why more seen in early morning, no 
Mice, found in slate. 1296 
Mice* prey on humble-bees, 7<io 

Michael Bars BzpexUtioix, 50 

Mierobaragraphs, detec t fall of inc>teor, 
323 

Micrometer OaUlper, explained, 81 
Micrometer Screw* 80 
Microphone, broadcasting studio, g8 
—for making gramophone rec'ords. 270 
—for sound film, a, 8 
—In deep-sea diving suit, 474 
— over Big Ben, 520 

Mlcroeoope, how it works, aj 
Mid-Atlantic Rise, mountain range. 87 i 
Middle Olaises* beginnings of rise to 
importance* 441 

, fertilise Cuckoo- Pint, J07:? 
ht Son, explained, 77 

i, tyiie of locomotive, 838 

Milk, constUueDts of, do6 
—part played by sunsnine In, t9o 
— pcooesslng in dairy, 939, 933 


Milky Way. Galactic nebulae, in, 984 
how Sun would appear in, X97 

- —origin ol name, 197 

position in July, 718 

star cloud in, 738 

system, 20-42 

theory of rotation, 758 

flliUUlg Machine* giant. 738 
Millstone, how it works, 708 
Milton. John, number of different words 
used by, 668 

Himoia, by day and night, 178 
Mind, how it controls brain, 673 
Mine* why a body weighs less at the 
bottom'ot, 883 
Miner, pneumatic drill, 

Minerva Lamp, ail about, >76 
Mining, modern methods ol. 1920 
— open cast. 8go 
Minor Planets. See Planetoids 
MinL Royil. 5? 

Mira* star, size of compared with 
Antares, logo 
— I JO, 989 

Mirage, all about, r/jiS. 1x37 
Mlrlak, at.ir, 230. 4/3, gSa 
Mirror, angle of reflection, 1209 
' distortion of image, xaog, 1212 

- for astronomical tclesco|^, composite 
construction, 1067 
hand-writing reversed in, 1212 

- how an image is leflccted by, 221 
—how light IS reflected from, 10x3 
— image ajHH'ars as far liehind as 
object IS m front, lo/j 
“^of hundred-inch telescope. 1402 
— used as burning glass, 549 
-- why It refleets. 673 
Mirrors, all about reflections in, 921-623 
—curved, refleetions explained, 622, 62 1 
— number of reflections visible between, 
1013 

Mississippi River, delta of, 283 
Mississippi-Missonri, river system, 
length of, 1246 

Mist and Fog. difference between, 43 

Mistletoe, all about, 2x6 

Blizar, star, how to find true north by, 

244 

Mock Suns, all about , 6.70 
Models, of Imet's, bow tP'.ted, 836, 837 • 
Modem Science, beginnings of, 442 
Moeritherium, auce«toi of elephant « 
iiio 

Mogul, typt^ of locomotive. 83H 
Molasses, and beet sugai, /0.V2, 1083 • 
Molecule, of water, composition of, 114 1 
Molecules, action in electric ceil. ft 6 | 
• and compotinds, 1141 
— and heat, 533 

- -effect of heal 00, rr6n, ri6t 
Molluscs, edible, of Great Britain,, 
—human uses for shells, 322 
— in Cambrian, Ordovician and i 

jiermds, 93 

— m Devom.in Period, jqq , „ 

MoUweide^i Projeotlon, aM, 469 t 
Molybdenum, used in steel foundry, jUil 
Money, bow made, 53, Qr.f . -t 
Monitor, form of fire-hose, 1300 /> ’ 

Monkey-nut. <«rouitd Nut. ; 
Monkeys, preyed on by eagles, 

—use of hand, 7323 , , 

Monkey^s Dinner Bell, nut. 7ill abOuGjoo 
Monmouth. Duke ol. story ot. 
Monoclinal Fold, illustiatrd, 1173 
Monsoon, all about, 813 
Montcalm, Marquis de. and Quebec, 
1031-1036 

Monument, the, London, 783 
Moon. area. 18 

— craleis and seas, close up views, 1404 
--cr.itrrs of, all about, 77, jio 31 7/6 
-craters of, compared 111 si«e With 
British Kies, 16 

- crescent, different positions of, 47S 
— crescent, twenty-six dav.s old, 480 
— cricket on the 8^3 

- diameter compared with Atbiiitic, xO 
—distance from Earth, 18 

ILirth as seen from, 1x2 
— Earth's shadow on, always elrculai. 

158 

— erlijjsc of, all about, 570-372 
— effect on se.! tides, 312 
— gravitation of, 13, 4 J 
— " greasy ring " round. 3 <83 
— halfpenny hides. 47 
—haloes round, all about, 620 
—heat of, and eclipse, ,37^ 

-heat rnduted to Earth, 787 
— heat reflection from 787 
— how it changes position and form, 

— I^n^scape of, 1404 
— landscajie round Copernicus, 797 
— length of day and night on, 787 
—light compared with Sun’s, 15, 787 
—mass of. compared with Earth’s, 18 


Moon, mistakes of artists in drawing. 480 
— mountains and craters, models ot, 

X006 

— inounlams and plains on, ttiO 

- "Oiountains of, all about, /006, J007 
' mountains of, measuring height, 7007 

— imie days and twenty days old, 479 
—old moon in young mooirs arms, tg 

orbit compared with Sun'*, 127 
—other side of, 18 

- phases explained, 478^-480 

• possible fate of, 86 

' rays on surface, jri, 4/2 

— reddish tint of explained, 480 
scenery of, ti2 

— Sea of Rams," on, 710 
— " seas ** on, 310, 1x16 
—seen “ on its back,” 478, 480 
-supposed results of former eruptive 
forces, 424 

—surface seen through long telrstope, 

n 

—temperatures ot, 15 

- temperature variations of, 787 

* times taken in journey round Earth, 
480 

—time taken in travelling to, t8 
—vapour theory of lines on, 414 
— why It does not always appear round, 
478 

Mortlue, glacial, 383, 38s 
—ground, 1048 

— lateral, medial and terminal, 1047, 
1048 

Mi»ehotaie*i OomeL 309 

Morel common, edible fungus. 433 
Morning, why cooler than midday. 6V2 
Morning Star, 30. 

Mortar, how it is made, 06 

Morton, Cardinal, 442 

Mosquito, anopheles, life story ot, 990- 

902 

Moss, Sphagnum, causes quaking bogs, 

i <>4 

Moth, how it fertilises a flower, 408 
Motbtr-ol-psarL facts about, r/jr, 1232 
Motion, adds hardness to soft materials, 
778 

—inseparable from time, 443. 446 
Motor Bns, jumping off a moving, 
Illustrates inertia, 367 

tilling test, 34. 45 

Motor-ear, and Earth's roiution. 480 
—banked tracks and roads for. 61, 62 
— driven by compressed air, 477 
— how It works, 76^, 769 
-lifting with jack, 677 
— p.'isseiigers in illustrate inertia, 367 
—record sj>eed, 1212 
Motor Centre, of brain, 67? 

Motor-cycle, ten men balanced on, .73 

- how It works, 1324 

Motor Vehicles, use natural forces, 3 
Monntain, avalanche, 28, 29 

- -wet and drv sides accounted foi 772 
— world’s highest, 347, 678 
Mountain Railways, tarts about, 7297. 

/29'V 

Mountain Range, world’s greatest, 871 
Mountaine. apparition sometimes seen 
from (IMIoa Circle) 777 
— how worn down, 359 

Mount Wilson Observatory. loo-uuh 

leJn»rr»|M‘ In, 727 

— * ' solar telescopi’, 7773, 7,776 
Mouth, how sense of taste tniictions, 

3bu 371 

Moving Picture, how taken and shown, 
6. 7, 8 

Moving Staircase. See Escalator 
“ M. 13 ,*^ f*iar cluster, 759 
Mud, going up as smoke and roinmg 
down as ram. 422 

— bow formed in the country, 423 
— how It gets into the street, 421- /2? 

— impressions of primeval raindrops 

UI, ,p» 

Mulberry Tree, planted by Sh.ikespe.iie. 
story ol, 67 » 7 i 

Multiple Frnits, defined, Box 
Murlins, edible seaweed, 347 
Muscles, how strengthened by food, 456 
— huinau, 746 
Muibroom, common, 433 

— Fatrv King, 433 
—growing of, 672 

■ 'horse, edible fungus, 433 
—parasol, 433 

Music, producing without voice or 
instruments, 699. 700 
—vibration of btringed instruments, 
031 

Musical Boz, all about, 605 
Musk, scent, resembling, given off by 
cuttle-fish, 174 

Mnsael, common, edible, mollusc, 7439 

Mutiny of* the Bounty, story of, x 175- 
ttHg 

Mutton, ccufititucfits of, 406 


Mylagaulus. Miocene animal, rsgt 


llnore, mother-of-pearl, 77.72 
Nafl, held in wood by friction. 201 
“how driven by hammer, 1273 
Nana Sahib, and Indian Mutmv. 1)74- 

Napes Needle, rock pillar, H89 
Naples. Bay ot alteration* in sea levol. 

National Debt and South Sea Bubble, 
913, 916 

National Physical Laboratory, ait about, 

t 4 VK I 43 f> T432 

testing ship'* designs a», 836, 

857 

- .. —weighing and measuring 
machinoft, 702, 703 

Natural Forces, right and wrong ways 
of using, 2442 

Nautilus, atomic submarine, 924 
Navigatioa Buovs used for. 606 
Nawie*. origin of term. 1281 
Nebula, dark, in Cygnus, 1317 
-Gre.Tit, m Onoii, 2,762 
—in Sagittarius, 1362 
—meaning of, 197 
—North American, 1317 
— with dark patrhos, 1433 

Nebulae, all ammi. J97-2on, ttso-ttit 
—Dark, all .'iboul, 242 243 
— Galactic, 984 
— mass of, 1132 

- most dHtaiit, 1132 

— Spiral, formation ol, 390 
— stages of development, 1151, 2/32 
Nectar, gathered l>v fmes. 1303 
Needle, of sewing- machme, 766 
Needles, Klo of Wight, erosion 01, 732 
Negro, hair of, 762 
Negroes, and Slave Trade, i3'»9 1314 
Nelson, Lord, and polar l>ear, 922 923 
and Trafalgar, 2295 -2199 

“ Nelson Tonch.” The, defined, 1193 
Neolithic Afe, relicj* below I.ondfin, 31 
Nepenthes, Pitcher Plant, all about, 238 
NephOleop^ use of, 627 
Nsptons, planet, all about .2761 
— distance from Earth and Sim 7.76/ 

- distance from Sun, SgH 

— found by mathematics, 2.767 
— gravitation, pull ol, 43 
—how discovered, 642 
—size compared with Earths, t ihi 
— size of, compared with Sun. 127 

— Sun as seen from, 89H 
Nets, Fishing, use of, 1043 
Nettle. See Stinging Nettie 
Nevada Falla- Yosemite Valiev, 871* 
N^vd, compressed snow, 383 
Newcastle, Central Station, 14.77 
New England, founding of, 64» 
Newspaper, how printed, 142, X43 
Newton. Bit Isaac, and law* of universe. 

487 

discovered that light is broken 

up by prism 450, 251 

— I‘ir«t Law of Motion, 62, 867 

— -- — theory of light, 899 

New Year, how reckoned to begin, 33J, 

New ^fork, air views of, 46.7, 465 
— night view, taxt 

-skysrrapers of, 754 

New Zealand, Captain Cook visits, 

1131 1133 

-- --i.Hbbit pest m, 1X3.3 

— •“lerr.it-es of Rotorua, 227/ 

Niagara Falls, age of. 47 

— -blorked by ice-jam, 814 
-g( ncral view, 885 
biMght ol, '233 

how powci of is used, <fgr 

how Sun works, 255 

time taken to make ravim- L»elow 

88s 

-- - volume ol water, 885 

wealing backwards, 47, 86-, 

— w'inter scene, 8x4 

Nicholson, General John, ami Indian 
Mutiny, 1773, 1376 
Night. how it comes, X38 
Nike, guided missile, 7025 
Nile, dams across, 878, 879 
— source of, 2246 

Nhnbus, tvyie of cloud, 207, 027, 629 
Nine-Men’l-Morril. and .Shakes|>eare. 
664 

Nitrates, a* feniliaors, 1070 
Nitrogesk amount m air and soil, 1069 
—bubbles in diver's blood, 476 
—crystals of, cause blue sky, 957. 
—free, cannot be absorbed by animal or 
plant life, 1069 
— in wheat, 971 

Nitrofon Cycle, in soil, 1069-/07 r 
Nitrogen Gas. Auroral effects from. 807 
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Mootlloca. caiiHC phoHphor«*^oenr« on 
M*a, >tsS,f 

Model. rx|>lainr(J. g:i4 
Modolei. on plant roots, and nitrogen. 
1070 

— on Sun, f<4j, I44 
Moita, that cannot Iw heaid. fit 7 
llon«lletalB. definition ol. 340 
Woman Lockyer Obieryatory. A^tro* 

nominal cHintTa, Q*t4 
Worth. I MU', how to iwul, J44 
Worth America, early Uuropean ^A*ttle- 
nmntv m», 637, 038 

Worthern Crown, aio'^teiiatiori. /m, 7^«', 

gSj 

Worthern Hemlaphere. amount of ».iin* 
light m Stitniuer and Winter, 756 
Worthern Lightl. Aurora Boircalih 
Worth Pole, » hange-i of position, JJ70 

— ->* varies, in direrlion, 301 

— —will not always point at Pole Star. 
737 

Worth Sea. seen from over London, 10S6 
*" -ileplli »mil bed, 

Woee how used in KmelliUK, rj, 1181, 
llMj 

Wova Penei, star, 4«8 
Wnolear Power. Sfr Atom 
Nucleus, of comet, bon 
NutCraokerS. a'^ double lever, 4 
Nuts, what thev ate like inside, 64^ 
Wut That Explodes, the. ino 


Oak. Tn^e, amount of water given ofl 
I’v, 84*5 

Oasis, in .Sahara, <iSS 
Oberon. moon of Uranus, 13a 
Obseryatories. 4-f 

- Palomar, 3^6, tJV* 

Oblset Glass, of .Microscope, 

Oblate Spheroid, meaning of term, 773 
Obeenratory, for wurUl’s Urges! t«lc*- 
houpes, 32b, rijo 
Oodusion. explained, 533 
Oeeaus. theories of formation, ugfi 
Ootavei. t.aw of, 1141 
OotoPUi. all about, z;,?. 174 

- hglu with Tigei Shark, zi/z 
Odour, nine kindsi of. ti^Vr, zfBa 
Oertl^, Hana Christian, discovered 

electro-magnetism. 397 
Ociopbasuf, of ruminant animal, gig 
Ohms, elertnc rosiiitance, compared 
with friction in water supply, zo/j 
Oil, composition of, 083 
—form of natural encjgy, 5,76 
—geological origin of, 985 
— why it Hoat*. 963 
Oil EoiCine. uses natural force.<ii, 536 
Oil Field, Caliiurnia, Qf<3 
OU Produotioa. all about, rr^^, U43 
Oil Tanker, ship. ti43 
Old Pretender. 039 

Old Tiitament, nnmbec of different 
words used m, 608 
Oliaetory Wenrei. 11 Hi 
OUgooene Period, life m, ttif6 
Olive, all about, tjott 
Olife Oil. facts about, i.fon 
Onion, what it is made of, 94 
Opaque, moaning of term, 733 
Open-oast Mining. Hqo 
O pen Hearth System, of steci manufac- 
ture, ao4, ao5 

Ophtttobui, constellation, 4/5, 7z<V. 
Opossum, all about, 576 
Optical tUttslons. 63, jsij, 4^^~4f>5 

^expeninents with, Tjfij 

Opuntia. prickly pear, all about, 

A? 5 

Orange, how repmsonttM) as flat surface, 

—peel reduced by Luther Burbank, 
zajtf 

Orang-utan, bones of hand, /?J3 
Orbfti, of planets and cornet^, com- 
pared, 6 on 

Orchard, deteuding from frost, zi;o 
—machine foi spraying, J413 
Orehestra. proportion of varioua iuhtru- 
merits in, 260 

Otdovioiaa Period, life iu, gs 
Organ, all about. 634, 633. got'-go4 
Organ Oaotui. 344 
Orson, cotistalUtion, rjo, 423, gftj 
—Great Nebula in, 4 gf<, 242 
Oriotttd Meteon, tog 
Ornlthorhyiumi. .Sm Platypus 
Orthographie Ptoleotioa. z.fd, 467, 4fi9 
Oeieri, how made into baskets, 143b 
OimagOlie, in meat, 978 
Oitrieh, facts about, ta 
Ovary, of Meadow Sage, B4H 
—of plant, 37 

Overhead Onidoor Conveyor, boy 
averihol Water-Wheel. 477 
Overthmat, term explained, riyj 
Ovipositor, of Crane-fly, 52 / 


Ovipoiitor. of locust, 1354 
Ovules of plant, 37 
Owl Nebula, 1/30 
Ox, IwMlCS of foot, 2323 

— Kkclffon ot, 3^ 

Ox-Bow, L.Hkc. explained, 920. ojz 
Oxy-Aoetylene, flame, temperature of, 

220 

Oxy-Aoetylene Torch, all alKuit, 220- 
475 

Oxygen, rnergis.e* plant seed'i. 438 

- given off by plant, 84 7 

—how lack of extinguishes a candle, 
.13*> 

— in blood, 121. 104 1 -204^ 

-^in electric cell, 

— more netNled waking than sleeping 

6/3 

--seeds neeil, 020 

Oyster, common, edible mollusc. 2439 

- iVarl, all about, rrj/’ t/ja 


Paddle Blade Conveyor, boj 
Paddle Steamer, how it workt,, b/in 
Paddle-Wood Tree, facts about. /13a 
Paint Geyser, (.aiifomu, 2794 
Palaeolithic Age. teins t>eneath I^ondott. 
u 

Palaeomastodon, ancestor ot elephant, 

tlto 

Palestine, climate of. 330 
■ lot lists In, 2 734- 275ft 
Pallas. |*lanetoi<l, facts about. ttSH, 

//A'9 

Pallet, ot watch esoajieinent. 34 
Palms, trees in Oligoccnc peftod. ttfib 
Palomar, Observatorv, 72ft, 2230 
Panama Canal, excavation for, 633 

— —facts about, jzja 

special dredger U4ed tor 7/ft 

Pancreas, how it hclpisour musiies, 45ft 
Panther. See Leopard 
Pantograph, and ship's model, ^36, 857 
Pantoorime. on ice, Hba 
Paper cutting wood with, 77A 
Paper Lapping Machine, for electru 
cable making, A40, ^4/ 

PapUla, meaning of term, ybJ 
Papillae. <ui longue, 369, 17^" 
Parachute, all about, 22^4, 22A3, taso 

— e|e«toi, 2-»ft4, /^Aft 

Parabola. a$ section of cone, ftoo 
--ball in flight describes, 977 
”'<omet‘8 orbit, 122ft 
Parallax, explained, 92A 

— method 01 moasunng diatant object. 


togt 

—01 stam, proof that Earth travels 
round Sun, uzH 

Parallelogram of Forcea troi, 190a 
Parasite, meaning ot, 216 
Parasites, anunal, temperature which 
kills. 077 

Parhelia, mock .Suns, 620 
Parliament, c harlcs I and, 71^-71% 
citizens represented for first time, 189 
Pareons. SirOharles. and Turhima, i?zi 

- - uiventoi of steam turbine, 64. 

Parvs Carta, ifti 

Pascal. Blaise, experirmmt with barrel 
and water, 1.V5 

Patagoniana origin ot term. 33a 
Paunch, fust stomach ot rumin.'int, grg 
Pawls, on bicycle free wheel. 3 
Pea plant farnilv, all about, iobg^tn7t 
Peacock, wonder of its tail, fto 
Pea-out. See Ground-nut 
Pearl Divers. 4 73 
Pearls, all about, 1131-1132 

- fre.sh- water, 1132 

— Southern Cross, zoftft 

Peary. Captain, finds large meteor. 527 
Peas, ex penmen ( with growth of, 438 
— illustrate Mendehsm, 509 
— standard size for coal, .779 
— study of by Mtifulel, 310 
Peat, all about, 2292. 2297 


— how foriiied, 304 
Peduncle, meaning of term, A04 
Pegasus, constellation. See aho Winged 
rlorso 

—constellation, nebula In, .790 
Peg-Top Rock. Colorado. 560 
PeUcan. account of, 70 
Pellagra, disea-se, cured by vitamins, 

712 

Peltos, Letter A., inventor of Pei ton 
Wheel, 140, Z40 
Felton Wh^ described, 240 
Penell. balancing p<flcf of on needle. 294 
Pendulum, behaviour at North Pole, 364 
— how it swings, 563 
— of electric clock, 94ft, 947 
—proves Barth's rotation, 362-584 
— used in weighing the Earth, 76, 77 
Peudulnm Otoek, 444 
Penguins, all about, ag6, agj 
PenioUtln, all about, taja 


Penny, how to balance on a needle point, 
294 

Pennyweight, teim ex plained , 1268 
Penstocks, at Niagar.a Power Station, 
59'*. 19Z 

Penumbra. det>ends on source of light, 
733 

— experiment explaining, anH 
— meaning of, 225. 226. 227 
— ^>f ‘.un-spot, 308 

Pepper*f Ghost optical itlusum, ex- 
plained, 223 

- — luv, ;7ft4 

Pepys. tiamusl, and Fire ot London, 7A/, 
783. 785 

Paroival. Robert «torv of, rjj?A. 2229 
Perceval Spencer, assassinated. 1227, 
1228 

— — •l*nmi- Minister, and Samuel 

Crouipioii, 1064 

Percy. Thomas. »nd Gunpowder Plot, 

6.H«,-()t| j 

Pericardium, ot heart, 1041 
Periscope, all about, ixno, 1201 

- Ill siibiiMriiie, t.i< ts about, 2592 

Periwinkle, edible mollusc. 2439 

Permanganate oi Potash experiment 

With 2/6 

Permian Period, bie m. 3/3 
Ferried, iiieieoriv, 109, 110 
Perseoi <'onsteliation, jjo, 423, yzA, 

9 ‘‘‘2 

Peripiration, lanses tbinst, 2250. 1231 
liiiH'tion ot. T231, 1232 
“in dogs, 407 

— III plants, 138 

Peterboroui^, Ontario, lilt lock at. 3t)3 
Petition ol Right Charles I and, 721 
Petrified Foreitv all about, 694. 693 
Petrol, from well to mol m -car, 2242- 
it 43 

— how used in carburetter, /2ftj 
Petrol Pump, how it woiks. Hoa 
Petroleum Oil, ongm ot, 9H5 
Pharos, ancient light house. 31, 2124 
Pharynx, ami sense of Miicll, iiHi, 1182 
Pheuacodus. Eoiene atninal, it 10 
Phobol moon ol Mars, 662 
Photo-Electric Cell. 7, 2ft/ 

-used 111 o)>ening Chicago Exhibition 
bv liabl from A returns, 1277-2259 
Photographs, silhouette, A24, Hte3 
Photography, and mfra-rrd rays, 77<>. 
777 

.isfronomical. 954, 955 
distort ion, 464 
—early days of, 866, 867 
-impoftanre of in making star maps, 
642. 64? 

— lUslaiitancoits, Aftft, A67 
--machine dovetoping ainl printing 
thousands of hitiis a day loao, foai 
— ol disluiU slurs, AA 
Pholetpbere, ol Sun. 128 
Pbyliaothua, plant, 2115 
Piano, correct position f*>r playing, J072 
Picture, how pnntcrl 111 book, 979 
Pictures, how reproduced iu magazines, 
59''*, 507 

Piddoek, edible iiu)liui>c. 2479 

Piedmont Olaoiera, 3A5 
Pig, Inmes ol fool, 2325 
(acts about, 21 }7 
Pig Iron, f.K'ts .ibout, ZZ23 
nuinuiacture of, 494, 293 
Pigment, m hair, 7f>2 
PUgrim Fathers, story of. 640 
Pin, boring a hole through a, Jtj4 
PineMpie, all ubout, 744 
Pipe Oaotns, m California, 345 
Pipe Line, oil, 2/42. J143 
Pipes, of organ, 90Z-904 
Pirates, Barbaiy Coisans, 2243 2245 
Fisa, leaning tower ol, 34 
Piitfl, of plant, 37 
Piston, of motor-cyetc, 2224 
—of motor < .ir, fhg 
-—of paddle steamer engine, ftAo 

Pitcairn Island. British colony founded 
by rnultneerf, 1279, ttSo 
Pitch, of note, 854 
— ot organ pipe, ^4 
pitcher Plant, nil about, 2 ja 
P itt. William, the elder, and Quebec, 
1031 

the younger, and Warren Hastings 

1*49 

Plague, '* Black Death,” 277-279 
bubonic, and black rat, 1287 
Plane, meaning of term, 755 
Plane ol the Ecliptic, explained, 733 
Plane ol the Equator, explained, 753 
Planes. «H about. 737, 7.^8 
Planet, meaning of term, 391 
"tiew, discovered in J930, 131 
Planetarium, all about, 2274, ^^73 1 

Planetoidi, ail about, zzA;. ztSg 
—orbiu of, zzAp 1 

—three seen together, z/FS 


Planets, see a/to Mart, Nepttine, etc. 
— imnitinned by Shakespeare, 667 
— names of, 151 

— orbits affected by each other, 852 
— orbit*, ot. if St Paul's were the Sun, 

2 52 

- orbits with those of piatietoida, riKg 
MZes compared with Sun's, isy 

- bpots on, lactB about, 1403 
-“Sun as seen from, A93 

- theory of origin, ito 

- -theory that they wore once part of 
Sun, rogo 

Plankton, constitution of, Boo 

- minute sea plants, 14Z7 

- term explained, 800 
Plant, gws for a walk, 957 
-power of growth, /5A, 437, 43A 
Plants, ns insect catchers, 24 

-“I onditiom, of healthy growth, 457 
— rlenve heat from the Earth, 438 
^ b‘i‘liug of, 67 
--beaks of growth, agS 

- tiiiicnon of water in, A45, A4ft, #47 
— how helped by ploughing, 1088 

- how they olways grow towards the 
light, 67 

how they breathe, 67 

- how they oblain rarlion, 544 

- how they resemble animals, 67 

- how they sleep at night, 178 

- improving stock by selection. 1359, 
1300 

- instinct ot, 524 

"■I.imIkm Burbank and, 22 2236 

poisonmi>. found in Britain, /23ft, 
1157 

- rapid ^pre.id of in waste areas ot 
towns, 1359 

-rest at night, 67 
-varying kinds of rcxit, 373 
“Varying types of »tcm, 373 

- wUiv they do not dry up, 138 
Plantago. life story. 957 
Plaut Oatapuits, ga 

Plant Life. tree ot, 1134 
Plasma, tniuid m our blood, isx 
Plaisey, battle of, 1012 
Plastic, meaning of, 594 
Platelets, m our blood, 122 
Platinum Standard, for nieasurtiig 
light. 891 

Plato, ami early books, 387 
ami ‘■•hadowb, 7 n, 7.^4 
Platypus all about. 2415-1426 
Prayer Book, heliMni to standardise 
r.nglish, ()o7 

Pleiades, constellation, 230, 423, gSs 

- f.icls .ibnnt, 7S9 

— meaning (U name 759 
Pleistocene Age. kangaroos ot the, .151 
Preitonpana. battle of the 1745 rcbeition, 
940 

Pliny the Elder, and nitllo-fish. 175 
Pliopithioue, Miocene .umnal, 2292 
Plough, constellation. See Great Bear 
-horse-drawn, 529 
' how It works/ roAA 
Ploughing, all tibniii, 529 
-'by Gvrotiller, 5x9 
'bv tractor, 1340 

- teason lor. inH8 

Plum, stoae.le.ss, produced by Luthet 
Burbank, lajfi 

Plumb Line, how to hang steadily, 244 
-- - Used in weighing,' the Earth, 721 
Plumcot, now fruit produced by 
Luther Burbank, 1233 
Plum Tree, blossom, 1292 
Pluto, planet, all about, 727 

- -discovered, 151 

-- sixe of compared with Sun. 227 
' Sun as Hceii from, 898 
Pneumatic Drill, in copper mine, raao 
Pneumatic Tooli, 5.77 
Pointers, of Great Bear, g8a 
Pointf, on r.itiway, interlocked with 
signals, 112)9 

railway, how they work z 738, i33g 
Poison, of .stinging nettle, ftA 
Polacanthns, in Cretaccoun Periorl, 993 
Polar Bear, all about, oaa, 923 

- —crosses sea on iceberg, rj5A 
Polarised Ugbt. facta about, 7,790 
Polar Night, explained, jaS 

Poles, North aud South, weight 01 
bodies greatest at, 883, 884 
-of electric cell, 1266 

- of electro magnet, Z34.7 
— of magnet, 1330 

Pole Star, z.t'). 425. yzd. 9^9 

- —how to find, 561 

how to find True North by, 944 

North Pole will not always point 

at, 757 

- — Vega will one day become, 1008 

why heavens seem to rotate 

round, ttiB 

Pollen, how gathered by bees, dyo 
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PoUt% how used bv bees J30J, rv »4 
--in Cuckoo'Pint, 107 1 
»-of dale palm, distribution of. ,104. 405 
— of flowers, 57 
— of Meadow Same, 848 
PoUillAtlOllf artJiidal, how rarncd out, 
i 5 t>o 

Poll Tm, explained, 329 
PoUoit slar, ijo, 4t!i, g8a 
Polioonio Projeotion, 4<>7 
Pome, type of fruit, Ho\ 

Pompeii, tlesstrurtion of, 207 
Poiia, circulation of water m, fioi 
Pontr^na, cxperinicut with «ipml of 
glacier, 

Pope, Alexander, iiuoted. 214 
Pop*Guas, among plant-,, 91 
Popocatepetl, voUano, 5A7 
Poppy, colour chmigeti by selective 
breeding, T3O0 

Porosity, cx pen men is witfi, loiu 
PorOQI, meaning of (applied to rocks), 

423 

Porphyra, genus of seaweeds, y^r 
Porndge, Whv H boiK over, togg 
Portland Vase, storv <d, 1/7, mk 
Postumia Cave, stalactites in, 

Potato* cells of before and after cooking, 
a 38 

— lads about, 14 iH 

— mtroductioii from America, 141S 
— on same plants*as tomato, tJVt 

-whiil It is maiie of. 1)4 
Potatoes, MMsoM foi oof»kiug then, cj8 
Potter, at work, i Jttg 
Potteries, The, scene m, nSi 
Pottery, tnarinfacturc, j jgg 
Pound, weight, all about. 1 u'OS 
Power, atomic, yyj. 4^4, 79 5. 9 -‘ 4 > 
1128, nag 

— loss of in engine, 2Ks 

— man cannot ireate, jt 
— of the Invar, j 5 

-traiisnnSMun of, all about, <^54. 8',^ 
Poezuoli, mined temple at, 471 
Prairie Wol!. See t ovote 
Precession, evi»lajneil, 7s 7 
Pre«bistorio Lite. C ambiinu, Ordovuian 
and Silurian IVrUKlj, qj 
t'retai'ooiis Period, go? 

— Devonian and Carbonifcious Per- 
iods, jgg 

— — J-.oit-ne Period, nio 
jui.isdc Period, 71 ? 

— Mini enc Period, /an/ 

-Ohgoiene Period, /186 

JVrmian Period, ir ? 

Press-gang, and first iiddv'-'tone tight* 
house, >'.97 
Pressure Cooker, 978 
Prickly Pear, all about the Ausirahan 
plant post A'7 y-A; 4 
-- — destioved by insects, S74, .V75 
llower and fruit, 1 t2b 

— fruit of, 545 

— - grown without spines, (V 7 y, if '/4 

Prime Minister, assassination of, ;a/7- 

I 2 JIJ 

Prinos ol Wales, how the title was 
created, 

... ... ,iiid iiitUlo, 309 

Princes in the Tower, the 417-.D0 
-- - the, search for bodies of, 

4 %g, 4 ho 

Printing, beginnings of, f,V7- y^g 
— first book from movaldc type, 607 
-how a linotype iiMchme works, 53S, 
5 J 9 . 

-of pictUJp In book, 979 
Printmg Press, how it woiUh, 7 ^ 2 , 74 y 
Prism, imw it breaks up light, 4 $c), 451 
in lighthouse lantern, 52 
— til pcaroi’k’s fe.it lieis, 00 
-in peiiscojv, rjgt 
—use of in Newtonian telescope, ^24 
Prisms, ot binoculars, 120T 
Prisoner in a Dunaeon, illustrates 
relative nature of tinie, 446 
Prooyon, constellation, / yo 
st.»r, 415 

Proiectiles, motion gives piercing efiect 
to, 77H 

Proieotor, cmemn, 7, .V. J410, 1411 
Propeller, of Icebreaker, blades 
separately locked, 997 
*-of fiteamship, 8j 

Propolis, used as varnish by bees, 1304 
Protein, m our blood, 122 
—needed for our growth, 04 
Proteins, wid cooUmg, 077, 97H 
—Importance in our food, 
large proportion of in legiim nous 
plants, io 6 q 

ProtbkUium, rfM>t growth of fern, nog 
Proton, what It i», 1348 
Protons, and cosmic rays, 1348 
— in electric battery, 1205 
ProtolOa, cause phosphorescence on 
sea, 284 


Proven, at machine bakery. 70c, 707 
Prozitna Centauri, nearest star to 
Earth, X091 

Psalterium, third stomach of nimiiiaiit, 
gyg 

Ptolemy, I'gyptian astronomer, 392 
Puffball, giant, edible fungus. 43 i 
Pullet, edible mollusc. 1 139 
Pulley, adaptation of lever, tmy 

- all about, f*4g-f'5J 

- example ol lever, 5 

ex.imyije of transmitted power, 

85 'i 

-various types of, 647 
Pulley Wheel, various ivpes of, 8^4 
Pulpit Rock. Portland Bill, 142U 
Puue, human, explained, 1251, 1232 
Pulses, plant t.mulv, xong 
Pump, as h*ver, f 

f<ir heiiiii ste.iin cngnu*. X)5| 

- ton «•, 2 T 

— suction, *1 

tvjH* used in hre engine, 740 
Pumping Station, lor water supply, 

J» 4 J, 104) 

Purple Laver, edible xe.iweed. jfi 
Pyramid, tlw t.reat, ot theops, tj.sy 
P.vramids, Egyptian, tit 4 
Python, tight ing tigci and crocodile, tny 

- habits (if, (ny 


; Quagga, extim t /.ehia, 125 
1 Quakers, and .hlave Trade, ijtt 
Quaking Bog, how fornn’rl, 704 
, Quarrying, splitting locks with water, 
TUS 

Quebec, campaign, and Captain Cook, 
' 1120 

j - (aptiire bv Wolfe, io3t-xo?h 
> Queen Bee, wotk of, 609, (<71 
1 *• Queen Mary,"’ why she floats, 858 

S uiokiilver. Mercury 

moguangnlar, meaning of, 124 


t B 

Babbit, all about, 7754 x/55 
; Rack and Pinion, lu steam-gauge. 94.5 
i - ■ various foniiH of, .V34 

! Rack-and-Pinion Railway, ngy 
' Radar, all olumt, 144^, 1444 
I - on aeroriroine, 340 
{ - for aircraft lamling in fog, sauH 
I Radiators, m central heating, 245 
I Radio-Activity, all about. 7057, lu^S 

j — protection against, mij 
j Radioprram, how d works, 470 
i Radlolaria, form of plankton, 800 
; Radiometer, all about, 466 

; Radio Proximity Fuse. 293 
: Radio Sonde. ro2ti 
Radio Telescope, 287, gHi 
, Radium, if'57 

' Radius Bone, as human levei, 4 
i Railway, birth <if the, 1 277-1281 t*y. 

I buflerH oil c.iinages, 1000 

-crossing tracks, f.iots about, J43$ 

- -dipxel- elec trie power, 964, 

- 'clertru , snow-sweeprr foi, tooo 
— iiifchanical <oaling for, 141 y .1^' 

poMils, worknu; of, 11)8, r fl9 '' S 

- switches, use ot, 1411 . 

track nispccted daily, 1433 ' ’^‘t 

tube, for t; I’.D., 57.V 

Railway Carriages, r leaning, 709 
Railway Engine, Locomotive ’ 
Railways, and fog, 40 
rnble, Swit/erbind, Jjg8 
-table, Table Moiinlwin, ho4 

- earliest forms of, 1277, 1278 

“ expansion ot rails, 957, rroo, fX6i 
-- iiiouul.un, facts about, ugy, tagS 
— snow plough for, r>o5 
tube *'cr Tube K.ulwuys 
Railway Signals, nutomatic, 1162 
Railway Tracks, h.mked curves for, 64 
- - relavMug m sections, T4<S 
Railway Truck, unloading with .1 jet 
ol water, .'8g 

Railway Trucks, of coal, 790 
machine for shunting, 1230 
Bain, amounl of water pei acre In every 
inch of, 447 

- brought by the wind, J05 
formation of, explained, 670 

--•illustrates Belativily, 49X 
-where it come*, from 427 
-- whv it does not fall in the Sahara, 8j 5 
why it falli;, 107 
Rainbow, explained, jo 

- while. See I'ng Bow 

Rainbow National Bridge, rrqi 
Rain Cloud, how It tieliave^, 707 
Raindrop, always has a core of dust, 421 
-- breakh up light In rainbow, jo 
Raindrops, angle of falliug apfiears to 
alter as we move 1 airier, 39 /, yoa 
—impressions ,1 millions vfars old, jo 
RaitttaU, affected by mountains, jya 


Rainfall, how mca.xured, rjg/S 
l^O-gange, factx ahmU, 54«, 

Raleigh, Sir Walter, .md settlement of 
Virginia, (>38 <>40 

— - — prrseiits potato to yneifu 

Eli/flboth, 14x8 

Ram, constellation, r yo. 7/1^, gSj 
Ratchet and Pawl, use ot. 079 
Ratchet Wheel, of bicvi ic, 5 
Rattlesnake, attacked by road-runner, 

I4jr 

Ray. tish family, all about. 72.54, 125U 
fish, bow It swixii'i. r3^8 
Raaor Shell, edible mollusr, 74/9 
Reaction, boat and wind machine, 1140 
ot wiiul, eftect 011 kite, Sji 
Reaotiou Chamber, 317 
ROaumnr Thermometer, /gs 
Recessive, moaning of term. 509 
Reciprocating Engine, 93. 9 '> 

Record, gramophone, Imw changed 
iiiibmiatn ally, 440 
Records, for •«ound ntms, 8 
Red Fif ) Wheat. 971 
Rid Sea, tempcralutf of, X 37 f 
Redwood Tree, giam, 59 
Reefs, coral, how f firmed, 

Reflection, of light, Oji-tui, xor,?. taog 

} jti 

Reformation. 1 he, iphellion agamst. 523 
Retraction, and polanscd Jiglu, x tgo 
— explained, jjj 

-if light raiises mirage, 77 r r 17 
! Refractory Metals, 230 
I Refrigeration, expel jjnents, myi 
' Refrigerator, g.»s, jj8j 
1 -elci'lric, t ?S f 
, Refuelling in Flight, t 2 50 
1 Regelation, m gl.n u rs. 383 
— pniH iple of, i'95 
RcgUlUS, ''tar, 1 fo, 41 5 
Reindeer, all about, 7)76 
Reinforced Concrete, tacts about, 140s 
Relativity, all about. 4.V7/-491 

— and light, <V2.*, s'a y, 8gg, (>00 
Releasing Hook, explained. 7x^5 
Remote Control, for radiu-aclive 

Reticle. a*.tronoimcal device, 476 
Reticulum, stomach of rnminatit, 9/9 
Retina. h'>w it receives light ravb, 403 
—of eye, fuTK tiou of, 177 

— si7,<' of vision depends on angle of 
light r.’vs, x.yxg 

391 etting, of flax, 830, 831 

'Revere Paul, and Anu'nran liuU- 

% pendem'e, logt) 

Rhinoceros Afne.m, black and white 
I species, 69 

bones of foot, 7 ?2 5 

fields destroyed by ciuplion, 77? 
Rice Grains granuiations of Sun's 
surfaie, j6A, 84 f, 844 
ichard I. king of England, 7?7 773 
lohard II. hrst English King able to 
wTite, 71 

— Wat 1 vhn’s rebellion, jag-jj/ 

Aid in, killed .It Boswortb, 44T 
—usurps Elnglish throne. 477 420 
'Rioketo disease fined liv vitamins, 71 1 
tRigel. ‘'tar. 7 ?i» 

Ring Nebula. 7750 

Ripple Marks, on seashore, /?97 

Riter, digging hole al boliom ol, 74/ 

— how It made a brldgr. xyv 
—bow It wears away the l.ind^, iy7i> 

— seetion of bcfl sbowing lite-sloiy, gy 

— source at end of glaeiei, T4J8 
Rivers, affect sc.i’s temperature, 1324 

I -,-all about. 929 gyr 
I — different kinds ol source, 7247 
' —different tyi'»es of, 9,30 

- windings of, explained, gjr 

Road, jupt's arul caldes under, J042, 

f 04 i 

Road-making, blowing up a hill lor, 792 
—modem methofi, / y7<''’ 

— puviiiuatif dulls used for. 537 
-^W'lth reintoreed com-rete, 70V7 
Road»runjier snake killing bird, 7427 
Roanoke Island, <>,38. (>39 
Robber Crab, all about. 372 
Robot, tor handling radio-active rn.i- 
termls, 10T7 

Rook, balanced. Colorado, 7.39.? 

- eroded by wind, ryjj 

-how It is' split with water, /65 
how water cidlerts in, 959 

- how worn by glacier. 7047. 1048 
— qiipcrly shaped by Nature, 68a 

weathered into strange shapes, ,3,^6 
Rocket, anti-aircraft guided, 7075 
—artillery, 679 

for launching artiflnial satellite, J014 

- journey to nxoou by, j8 
Rocket Aircraft. Bell X2. 720? 

** Rocket*' looomotivt, 2279, 1269 
Book Formatlom. xr;,? 

Roekinf-ftona, Cornwall, g8g 


Bock Pillar* Devil’s Chiumey, // fg 
Bock Pillars, A'A'g. 7.792 , 7 tgy 
Roller, forerunner of the whf'd, 377 
Rollers, of power mangle*. .V55 
Roller*Hikating, and friction, 864 
RoUing Mill, for sled, 479, 88 j 
work of, 204, 205 
Roman London. .37 

Homer, Olaus, Damsh nstronouiei, 
discovered speed of light, 274 
Boom, how it IS ventilated. 775 
Root, magmfitd ii/) of, 457 

— of plant, section of, A'45 
Roots great length of, 4^7 

•-of bluebell, development of, 697 

— of plants, absorption of water, Af4 5 
-•of tre<', extent uridergrouiul, hS 

varying types of, 374 
Rope, ah about making, 7<V9, 790, 79/ 

— cohesion between the strands, iig 
made rigid by motion, 77K 

-of human hail, 762 
Rope Belting, 99''^ 

Rosamond. Fair, story of, 1308 
Rose, what h.appeiis when we smell it, 7 ? 
Roses, as Roval badges, y^i 
-War*; of the, ended by battle of 
Bosworlh, 441 

Ross. Sir Ronald, and malaria, 997 
Rotation, causes nehuUe to flattni, ti^i 
' of crops, tmportaiKe of. 1070 
Rotor, for hvdnedecinc priwcr, 597 

— of helii'optor, 24, irSf, ijOS, 7.369 
Roundabout. lllustrales centrifugal 

force, f) y 

Rowing, example of lever, 4 
Royal George, disaster. 34 
Royal Horse Artillery, gun team 
illustrating ceiitrilug.d force, 63 
Royal National Lifeboat Institution, 
foundation and work of, 361, 362 
Royal Soot,** locomotive, 7945 
CO, i( lies of train shipped, .'*79 
Rodder, double, on stcumlio.it, 74,35 
Rufus. William. Sm- William U ' 
Rugose Leaf, 4'*>4 

Rumen, fust siomach of rutiiiaant, 979 
Ruminants, term explained, 97.V, 979 
Runaway Star, explained, 95.5 
Runner Bean, whut it is made of, 94 
Rnnnymeade. Magna larta sealed at, 
Xbo. ?6/ 

Rust, m wheat, all about, 57,?- 575 
how foiinrd, ri42 


Sabre-Toothed Tiger. 949 
Baooharin. be tasted in very dilute 
form, 371 

Safetv-Valve, all about, 9/5 
Sagittarius, Constellation See 9 Iso 
Archer, 42 

Saguaro. Cactus, 7326 

Sahara Desert, hiiis of sand iii,*5.'<*v 

-Sfoncs 111, xA’f), 5MA 
whv r.un does not f.ill In, .V75 
Bailing. ag.iliisl the wind, 700 y 
Sailing Ship uses n.Unnil fotecs, 537; 

St. Elmo's Fire, appearance of, lo.v 

St. Gothard Pass road over, sx 

8t. Lawrence, river, and capture of 

(Jliobcc, 7 0 ?2 

Canal st heme for, 634 

St. Paul's Cathedral, 147 

- — Hiid Eire of London, 784 

- — coiisinution oi dome, 812 

. of rebuilding, 812 

— - -truss and eclipse of moon, 570 

Drake’s ship and, 

-- - -illustrates Relativity, ygo 

— .. -Old anti New, plans ot, Son 

whis]u*rmg gallery, surround- 
ing inside of dome, /f*7v 
, - — VVieii rf'billlds, 8 oq~8tj 
St. Sophia, Tno'slIUC, 7/.V6 
Saladin. leader of the Saracens, x ji 
Saliva, funrtion <d, 369, 370, 37/ 
Salmon, tacts .xbout, 7yo7 

- le.'ipinfX a tall, 7307 

Salt, toninmn. in hot springs, 7,394 
torniing cryst.ils from, 726 
• yierrcntagc of in sea water, <331 
Salton Sea, California, 7794 
Sanctuary. Eli/abcth Wootlville seeks, 
in Westminster Abbey, 4x8 
Sand, and water, cohesion, 820 

- nncroaehing on civilisation, sA.A 
erosion t)f rocks, 7 ? J ? 

• how it makes sound*, when trodden 
on, .?r>2' }<>4 

Sand its menace to civilisfttion, 179-181 
-• ripples in, 7,797 
— (own buried by, 775 

— waves in, ,5(/.V 
Band-blait. natural. 5 -^ 9 ) 

Sand-hlatting. 10 bell- making, 5;'* 

Sand Duaee, how they move, x7<7. rAt> 
Sandringham, flax growing at, Mp>, Ayr 
Sandftorm, m Egyptian dei»ert, 779 
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SarKMtO Sm. fAot^ about, 50 
Satellite, ]laii*m»de loi^ 

Saturn, fact*; and fifiurc’i abdul, iV/-(S'6 
—•flattening of sphere. 773 
■gravitation pull, 4J 
-sue of compared wilh Sun. fjy 
Sun a«i seen from, A‘oV 
“the rings from th»i planet, S4 
— planet, white spot on, 140] 

Saeoy, palace in Lomloii, 3^1 
Saw, how It cut*'. 4y(> 

— iinporlanfe of t«» man, 70s 
— jointed, for cutting tree roots. .'V6 
— vfinous teeth for. 705 
Saaou London, buneil relics, 

Saxons and William 1, 2\-J7, 3H 
Scabiooi Shining, by day and night, 
ScalM, constellation, in lulv, 71A 
“—or balance, form of lover, \ 4 
Scallop, Common, edible uio11us>c, 1430 
—how it moves, 99 j 
— Patuled, edible mollusc, 143^ 
Scarborough, from beach, 10^4 
Scarlet Runner, bv d.-iv and mght. tys 
Scenery, theatrical, how rbaugod on 
revolving stage, iioj, run 
Sohieballion, Mt,» Perthshire, liarth 
weighed against, 7^ 

Scissors, foim of lever, 4 
Scorpion, constellation, in July, yiA 
Scrap Metal how dealt with. jqA' 
Screen, for block-making, 50^' 

—of eincma. 7, 1410, 1411 

8crew*iaok. «<>. ft?'’ 

Sculptor, eonstellation, 

Sculpture, how Ktout* is poht^hed. 858 
— of rocks by Nature, 6<Sj, <V.V9 
—of rtM'ks, natural and arlilicial, 

-ot rocks, natural compared with 
skyscrapers, ^34 

Scurry, disease, cured bv vitamins, 
711. 712 

— prrcauliouH against taken by Captain 

Cook, ri/g 

Sea, destructive power of, qo 6 , 907 
—phosphorescence of explained, .^S'4 
— resists cosmic rays, 134^ 

— tempftrature, variations in, i jJ4 
--wave-motion explained, jor/ 

-wh,il makes its colour, 7^7 ; ’ > 
why It IS s.ill, Ojr 
Sea iUiemonee, all about, .^74 
Sea Breese. cause of, 909 
Sea Ear* edible mollusc, J4iff 
Sea Hone, all about, 341 

facts ,‘i bout, jr?(V5 

Sea Level, boibug point of water at, 7 
- - what it IS, 1398 
Sea LiUei , tn Devonian Period, 

- — or criuolds, 93 

SearchUght, beam, 349 
Searoblighi Diiplay, jjc 
Sea Soorpiou, 03 

Seaeons, caused by Karth's tilt, 7Sh 
Sea UtObiU, in nevmni.in Period, J99 
— ■ — m Silurian Period, 9,7 
Sea Water, analysis of mineral in, O31 

— .—density of, 631 

Iteexmg point of, r>s8 
• -why It IS s„ilt, 0 ji 
Seaweed, in Cambrian, Ordovician and 
Silurian periods, 97 
— kinds that arc edible, ^42 
—olive, of Uritisb vas, 7757 

— Ked, familiar kmd> of, 6/4 
—seen fi,s they grow, 4 {^' 

Sea Wing, edible iilolhcsi , 14 lO 
Sea Worms, varicil forms of, 974 
Sebaceous Olands. ex plained, 762 
Secondary Depreiiion, term explained. 
1172 

Sedgmoor, battle of, 833 
Seed, water riei'ded by, 920 
Seed Dispersal, to, gj 
Seed Distribution, <jf gorse, *^05 
Seed Pod, of gorse, A'05 
Seeds, how they breathe, 920 

- how they gr<»w right way up, ujo 
~ot fruit, various kinds of, 

-of pl.TUtago, how soivn, 943 
' tmpijlv fo«>d for growing plant, 920 
—with wings and parathutci, 10 
8ee»8aw, a form of lever, t, 4 
— led to luvonlion of stethoscope, 4ot) 
Seismograph, all about, (>74 
Seismotoope, how it work^, 074 
Salenium OelL Photo- h>ieetric on 
■ - -and burglar .ilartii, 430 
SemajPhore, sv.stem on railways, ioa;> 

— railway siguaU. i t6o 

Sempacb, battle of. 1044 

Sennen Cove, Cornwall. 78 

Sepia, ejected by cuttle-fish, 173, ^75 

Sequoia, giant tree. 50 

Serpent, consteltatjon, 425, 71S, gSs 

Serpnla. sea-worm. ^74 

Serum* iti blood, how it fortm, rai, 122 

SettingSun, edible mollusc 4439 

Seven Wonders of the World, r rr./ 


Severn, nver, and bore, SJ4, H25 
Sewer, under stri*et, 1044, 104 j 
Sewing Maohine, all about, 766, 767 
Sextant, explained, .97 
Shadow, distinguished from reflection. 
1209. 1210 

—of (,re.»t Pyramid of Cheops, 987 
— of Moon fui Karth, 22*t-2jS 
-used to tell the time, 444 
Shadows, all about, 7 ii 7J5 
and IMato, 7 j 7, 734 

— eaxt by woo<l«n blocks disguising 
their purpose, 4364 

— circular, t ast by different shaped 
obieets, 7 f4 

— how to make on a wall, 775 
— me.isuring height by, 7007 

— why length alters, logj 

Shaft and Bearing, ball bearings in. jr6 
friction between, stu 

Shaftesbury, Lord, 1005 
Shaggy Caps, edible fungus, 433 
Shakespeare, John, William's father, 

OO-t, 01)4 

Shakeipasre. William, and (;un powder 
Plot, byr 

and T»an of Arc, ^53 

—book-titles from his works, fif»8 

— —number of w'ord*- used by, 668 

story of, 06 { ftfiN 
Shale. and Niagara, 47 
Shark, Tiger, tights with o( topus, rui 
Sharp. QranvUle. and slavery, r?rr 
Bheairs, tor cutting metal, ^4 
Sheep, how they chew the cud, oiS, gtg 
—skeleton of, 49 
Bheld, meaning of term, 764 
Sheld-duok. (light of, 764 
Shell, Sea, what it is like inside, 974 
SheU, ftom gun, apparent path of 
affected by aberration, ^gj 
Shingle, on sea shore, 1024 
Ship. Sfc also laner, SteaniHhip and 
Steamboat 
dry dock for, 7779 

- gains or loses time on course. 507 
finding longitude of position, 507 

• held to quay by friction, 202 
image of in mirage, ft ? 6 , 1137 
lifted by special lift lock, 363 

- what makes it capsize, 34 

- -why It floats, 9.59 
-why It needs ballast, 34 
— why it sinks, r,i9 

Ship Argo, constellation, 474 
Ship Money, Chutles I and, 721 
Shipi, built of reinforced concrete, lofli 
“ and fog, 46 

— ^how’ warned by submat me bells, 29 4 
Shipwreck, at Stonehaven, 907 
Shoe Manufacture, machine that bticks 
on soles, 27.7 

Shoes, how they are made, 799 
Shooting Stars. See Meteors 
Short Bight, c.uiscs US to screw up our 
eyes, 1 184 
— explained, 6gfl 
Shovel, Meohanioal, as lever, 4 

- 1,600 ton, 9yo 

Shunting, modern method, 7777 
motor tor, 848 

Shuttle, of sewing-machine, 766 
Siberia, giant meteor hits, 

— meteor crater in, 942 

Sidente, mcauiug of term, 5-24 

Siebe, Augustus, inventor of modem 

diving dresh, 473 

Sight, blind spot in ca«*h eye, 72/7 
-centre of in br.un, fjr 
—how il can deceive us, 463-464 
how we can see things, 675 
— eve compared with camera lens, 177 

• peisisteure of visum, 1213 

-why distant things look small, / ii9 
Signal-box, King’s Gmss, rojj 
Signals, railway, dcvclopuient of. fnjj 

automatic, iit >2 
-how they work, / m,V, rj6g 
“interlocking scheme, 1022 
-on London Tube Hailways, not,, 
1107 

---points worked with, 2779, tug 
Sikhs, and Indian Mutiny, 1375 
Silence, zones of, explained, 1V69 
Silencer, uses of. 1237 
“ Silent City.” Bryce Canyon, 754 
Silhouette, (uigm of teim, 823 
Silhouette Photograph, 823 
Silica, deposited bv hot springs, 473 

- how formed into flint, 2/24 

- Pink and White terraees, 7377 
-secreted by diatoms, 4417 

Silicon, in Earth's crust, 740 
Bilphinm, plant, facts about, 74/9 
Silurian Period, life m, 97 
Silver, applied by electro- plating, .742 
■— made into money at the Mint, 53 
—use for mirror of telescope, 2402 
Silversmith's Press, 9r 


Silver Thaw, c.-mse of, 86 3 
Silvertown Explosion, distance heard 
at. 869 

Slmnel, Lambert, bid for English throne, 
443. 443 

Simple Battery, 1269 

Singing, work of different part*. o( body, 

34S 

Singing Sands, all about, 302 301 
Siphon, all about, 599 

m intermittent spring, 69.' 

- meaning of t€Tm, 598 
Sirens, for warning ships, 2005, / 

Sirius. star, 270, 392 

Sitting, test foreorretf position, 107; 
Siss, of an object depends on distance. 41 
Skaptor Jokol, volcano, 307 
Skate, hsh, egg-case of, 1256 
Skating, boys and girls, 962 
— pantomime, 963 
Skeleton, cif man and animals, 59 
Skeletons, illustrate correct sitting, 1072 
Skin, f*)riiiation of hair from, 763 
— human, as heat regulator, 892 
— seiiMtiveness of, differs locally, 4ir 
Sky, blue colour explained, 957, g$H 
night, see, ms to move round Pole 
Star, 7/27, 2 2 29 
" why It seems to revolve, q.'8 
Skyscrapers, of New S’ork, compared 
with rock pinnacles, 734 
Slag, for load-making, 1 378 

- -fr«)ni 01 p, treatment of, 204, 205 
' Slate, quarrying, farts about, 2290 

Slates, as roofing material, 1296 
Slave Clock, electric, 946, 947 
Slavery, Britain ends, 2^09-2724 
— and Harbary Corsairs, 1243 1244 
ill Aiiierica, X096 

Slaves, how parked on ship, rj2o, 1312 
! Slave Trade, all about, 2 ju j -2724 
I Hedge, invention of. 377 
Sleep, all about, 622 -614 
I SUde, ol magic lantern, 76 
j Slide Valve, of p.addle engine, 69 o 
Sluice, of lock, how worked, HKx 
Sluice-gate, of AsHOuan dam, 999 
Smeaton, John, bghlhouse-builder, 51 
Smell, centre of in brain, 321 
— function of in bees, 670 

how we are .iblc lo, 2 -7, riSi, irSj 
--sense of, in dog and cal, 90 
Smithfleld, Wat I'ylnr at, 3 to, 331 
Smoke, nuisance of in towns, 42X-423 
Smoke Pollution, cause of, 681 
Smyrna Pig, 20 1-263 
8n^, Apple, V'ine or Komaii, edible 
mollusc, 74.79 

•Banded, fibble mollusc, 74.79 
— Common, edible mollusc, 2479 
-Wotid, edible mollusc, 2479 
Snake, hedgtdiog killing, in tight with 
1044 

Snakes, British, 22 
cneiines of, 7422 

- -eye-coveruigs of. 772 

- how they shed their skiu.s, 371 
Snare, of drum, 393. 304 
Sneezing, cause ot, 1181 
Snout, of pig, facts about, 22.77 
Snow amount of uii a tree, 816 
—amount of water m, 447, 960 

uvalaiK he, 29 

- torniation ot explained, 070 
--freezes again under pressure, 29s 
— hidden beauties of, 20g 

how It 121i llS, 960 

—how the soldanella bores through, 765 
wa\es III, 509 

why it wrecks telegraph wires, ftru 
Snowdon. Mt., height of, 347 
Snowfall, how ineasuted, 27276 
Snowflakes, varied shapes, 6 {6 
” Snowflakes,” on Sun, 947, 854 
Snow Line, heights of. 29 
Soow*plongb, railway, 60.5 
Snow Scenes, 447 

Snowstorms, damage done by, 9; 6 
Snow-sweeper, foi eleclne railway, tooo 
Snowy Owl, all about the, 49 y 
Soda, experiments with, 226 
Sodium, spectroscope detects, 452 
— coiislituetil of common salt, 2/42 
Sodium Arsenite, for iocustsi. 2.7 56 
Soil, effect of trees on, 176 
-- fertilised by earthworms, 22.59 
held <m hillsides by trees, 2/74 
-•growing plants without, 1027 
— >iow It came to be formed, 1088 
— how It supports life. 4S7 
— iinportanee of, loSS 
— ploughing necessary, 7o99 
SoiM Motor, uses natural forces, 536 
Solar Prominsuos, stages of, 944 
— eruptive, 697) 

— facts about, 688 
— .aqm'escent, 696 

Solar Syitom, direction and speed, 3^1 

•—facts about, 40-42 


Solar Syitem, latest pbinet discovered 
in, 252 

- - -man adds to 7024 
Soldanella, plant, life-story of, 765 
Somenet, Duke of, Protector, 525, 526 
Soot, and fogs, 45-4? 

-how It brightens coal-gas flame, jqi 
pollution of air by, 69i 
Sorui, cluster of spore cases ol fern. 
ring 

Sonnd, and zones of silence, 969 
—distance affects, 8O9 
—distance human voice is heard. 809 
—heard better at night, 869 
—how made visible, 734 
-III .nr, speed of measured. 250 

- III human ear, 547 
—in telephone, 547 

-111 water, speed of measured, 250 
— new way of producing, 699, 701, 
silent, 937 

-time taken to travel 50 miles, 1097 
'-ultrasonic, 937 

— velocity in steel tuning fork, qjs 
I -vibrations of made visible, 795 
I -why impossible on Moon, 15, 18 
I —wind interferes with, 969, 869 
Souudiim Board, principle of, 90s 
Sound wavei, facts about, S 6 S, sog, 
1237 

— —in speaking tube, togy 
in whispering Gallery, 1079 

“ Krakatoa eruption, 13*2 
South Atrioa. giraffes in, 725 
Southern Crois, eonstellation, 941 

-all about, Jo69 

” Southern Orou,” group of pearls, root. 
Southern FUh, constellation, 993 
South Sea Bubble, all about, 025 g.7 
“ Sow,” of pig iron, 304. J05 
Space, Exploring, with balloon, 24.") 

-with earth Scilellite. 1014 
— interstellar, filled with gas, 341 
— v.istness of, 41, 43 
Space-Time Continaum. theory of 
universe, 900 
Spade, (onu of level, 4 
Spadix, of Cuckoo- IMrit, 1073 
Sparking Plug, of motor-car, 769, 799 
of motor-cycle, 2324 
Spathe, of Cuckoo Pint, tojj 
Spawn, of frogs, /.793 -1383 
Speaking Tube, all about, 2097 
Speoifle Gravity, experiment, 2.744 
-farts about, 2405. 2406 
Speotaclee, wliy worn, ogo 
Spectrograph, .dl about, 2434 
Speetroicope, all about the. /50 .75-' 
and comets, 601 

•at Mt Wilson Observatory, 8 m 

- eleiuenls in Sun discovered bv, | j 

844 

— for examining Sun, 2715 

heliuni disiovtued in Sun by, 688 
--ppivcs. Larlh's journey round Sun, 
928 

-- reveals gas in inler-stellar space, 2n 

Speotrosoopio Photography, os 5 
Spectrum, 430 

•iiitl sol.it piotniMeiices, 68B 
— meaning of, 241 
--of .^u^o^a, 807 
-of Sun, f.u ts about, 844 
Speech, centre of m brain, 3SI 
“ human iiicthanism of, ,746 
— increases mass, goo 
Speed ol Light, measured, 2/5 
Speed of Sound, measured, 250 
Speed Record, boat, 990 
•—motor, J212 
Sperm Whale, 17.3. J 74 , J 75 
Sphagnum Moss, iiuaking bogs, 704 

- — origin of jicat bogs, 1192, 2/97 
Sphere, surface and cubic coiitent.s, 544 
Sphinx, dimensions of, 550 

Spioo, star, 425 

Spider, (Lirdcn, habits of, 235, 336 
(•oss.iiMct, habits of, jjf, 

Sidder Monkey, hones of hand, 1.725 
Spidere, how they cross a stream, 377 
Spider'i Web, all about, 233-237 

c.overed by clew, .529 

Spiegel-Biien, used in keel, 305 
Spindle Carriage, invented by Crompton^ 
1063, 1064 
Spine, human, 746 

'• - -impi 2 rtauce of correct position, 

1073 

Spinning, and Industrial Revoliiuon, 
1061-1063 

Spinning Jenny, Hargreaves', 1044 

invention of, 1062 

Spinning Machine, Arkwright's, 1063 
modern. 104J 

Spiny Anteater. See Echidna 
Splraolee, meaning of, 073 
Spi^ Conveyor, 602 
Spiral Bebnlo, in Canes Venatici, 7S6 

Spiral nebulae, 390 
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Spi 


Spiral Habnlaa, in Great Bear, iryi 
Spiral Thraad, for (rear wheel, 

Spit. how it ruaatea meat, 1041 
Spiaib Oopl. for water cooling. IJ4^ 
Spokot. development of, 376 
Sponaa, how it feeda, J46 
Spongei, Cambrian. Ordovician and 
Silurian penod^i, gj 
•">and formation of flint, /If5 
Sporanida, spore cases, of feni, inw 
SpOtM. of malaria germ, ggo, 99a 
—of male fern, 1169 
Spring, steel illustrates elasticity, 

Spring Balance, measures weight, not 
mass, 884 

Spring-Board, ill ustrate.s elasticity, 
Springs, Intermittent, explained, 

— of watch, ,54 
— ol water, how tormerl, 493 
Spring Water, why it tastes plcasamer 
than tap water, 423 
Spurge, " Jumping Beaus,*’ 574 
Spnr Gear, example of, /f.54 
Spurs, winuiiiK, term explained 30.S 
Spntirik, artihcial satellite, 10/4 
Sqneegee, snow-sweeper on elertrM* 
train, xooo 

Squid. Set Cuttlo-hsh 
StM. See Deer 

Stage, revolving, all about, iioa-uoi 
Staiaotites, 

—all about, 33t\ 33J 

and Cheddar Gorge, tiH) 

Stalagmites, 3^ 

— nii about, 3 ^<^-338 

Stalk-eyed Fly. (>o 
Stamen, of i>)ant, S7 
Stamlord Bridge, buttle of, 23 
Stamp Act, and American Colonies, 
T093 

Stamps, Postage, how printed, jo 7 

Standard Time, 233 

Standing, test for correct position. 1072 
Starch, Cliect of rooking on, q77 
— in food, 04 

— in food, cflect of cooking, 238 
Star-Cities, nebulae, j<jo 
—Sir ). lines Jc.uis and, 200 
Star Cioud. m Milky Way, 143^ 

-III Sagittanu’', 7 5<V 

Star Clouds, all .iboui, 7 5<y- 760 
Star Clnsters, all about, 7.5^ ’7<>o 
Star Map. World’'! oliscrvatones com- 
bine lo make, 642 
Stars. See also Cau5toll.Uicms 
*• and spectromipi*, 844 
-apparent motion in sky. s6i, 50’ 
ai»p7oacb or retreat detected t>v 
spcctroHCfipe, 844 

- hnghtneHS ol, difficulty in oomparniK, 
642 

-‘distances tound by parallax, loyr 
— enormous si/e of some, logo 
fixed ” (so called), 391 
-bow they prove Earth is a sphere, (3* 
-in the different months, ijo, 4^5. 
71H, gH3 

measuring diameiers of, 71V.V 
minute density of, 788 
movement of, found to be in two 
definite st reams, 392 
-near PoleSt.ir, app,ijent paths of, 362 
-number of. 41 

-photographing, difficulties, 64a, (143 
-radio, 287 

-lieem to move westward, 1117, inH 
—spectroscope shows thru s(iend and 
constituents, 452 

-time taken to change apparent 
positions, 641 

—variations in densitv, loqo 
— why we see the same, from both sides 
of Earth’s orbit, 757 
SUktne (giant), trao8(>ort of in Anrient 
Egypt. .377 

gtMin, and vacuum brake, gts, gjj 
— how used m turbine, 1222, r33j 
—in cooking, 978 

-»used for cleaning a building, roo 
Sttsmbont. with double rudder, 

Steam Catapult, for launching aircruft. 
* 4^5 

Steam Dome, of locomotive, j 66 
Steam Drame, of locomotive, 166 
Steam Engine, all about the, 95, 97 

Beam, all about, 655 

earliest ide.! of, 9.5 

early, and Crank, 1337 

... — invention of, 1065 
Steam Gauge, facts about, 943 
steam iPreeaure, in boiler, 945 
Steam Roller. See Traction Engine 
Steamehip, different shape of paddle 
and screw-driven types, 1364 
—how it works, fH, Sj 
Steam Shovel, bow it works, 63.? 

world’s largest, 317 

Steel, elasticity of, 394* ^95 


gteel, tacts al>out, 204, 205 

- how It is made to float, ^f3.v 
in reinforced concrete, 1408 

- largest ingot cast m England, 470 
-magnetised more slowly than irt»n. 

134 3 

— manufacture of, 204, 205, ftSj 
—open hearth system, 204, 205 
— stainless, manufacture of, 330 
Steal Cable Conveyor. 603 
Steering Geer, ot .steamship, ft 3 
Stegoeauruf, dinosaur, 713 
stemt. of plants, varying types, 37 1 
Stephenion. George, and miner’s s,\t. iv 
lamp, 97b 

- — his first locomotive, 708 
story of, 1278-1281 

Stereographie Projeotlon. of Earth. / 70. 
468, 469 

Stethoeoope, all about the, 409-411 
— home-made, 2257 

Stloklebaek, looks alter its young, tofo 
Stigma, «d Meadow Sage, 84.^ 

—of plant, 37 

sun. how It works, sfiS 
Sting, of bee, how it works. 672 
Stinging Nettle, ex plumed, OH 
Sting Ray, fuels about, 1254, 725,5 
Stockton and Darlington Railway, i-:?'' 
Stomach, human, diagiuin of, 746 
— how it aids our muscles, 456 
-of bet!, 672 

— of luinmdut dtiirnal, 979 
Stomata, of leaves, H4S <^47 
Stone, how polished, 

Stone Age, the wheel liiventcd m, 377 
Stonehenge, oldest timepiece, tg 
— theory ot how it was built, 91 1 
Stop-jamb, of organ, gos 
Stopa, of oigan, explained, 902, 904 
Storage Battery. Bleotrio. i2<'*6 
Storm, the Cjiiv.ii. ot I/OJ, 

-waves 111, ro25 

Storm Belt, afteeted by sunspots, 702A' 
Storma, how caused, 104, 103 
— how wind strengths are gauged, 470 
— m Amenru, damage done by, Hib 
Stove, foi supplying air to blast furnace, 
70./, 205 

Stradivarmi, Antoniai, violin maker, 2.57 
Strain, two kinds of, 594 
Stranding Machine, for electric cable 
mukiiiK, H40, Sfi 

Strata, and bore fot w.itei -supply, /.?5jf 
- and theories of continents, rapj 
— effect of bjldmg on landscape, 139$ 
Stratifloatiou. illiistr.itcd, 1173 
Strato-oamulua, tvfH* of cloud, Sftft 
Stratosphere, uopei atmoispliere, /to/ 
Stratus, type of cloud, 027, Ojg 
Strawberry, what it is made of, 94 
-"Wild and cultivated, 1359, 1360 
Stream of life, m your body, i27-72jf 
Streams, underground, 423 
Street, service pipes and rabies unijk!^, 

tojj, 1043 

Street lighting, development of, 1077 ' 
strength, dept-nd'. on cohesion, 11$ 
Stretcher, cxamide of lever. 4 > 

Striation, of rocks, 1047, 1048 ' 

String, burning, used us clock, 444- 
— r>f violin, how made. 259 
Stringa of niuMcal ms. im moots, vitare* 
tions and tones of, 933 
Stromboli, diagram of m eruption, toffy 
-facts about, 207, joH 
Strychnine, tasted m dilute form. 37 r 
Stylos Bar, for luaKmg gramophtme 
records, 271 

Submarine, all .ibout, rjoO, 1307 
-atomic powered, 924 
— periscope m, /2<>/, r/97 
Submarine Bell, how it warns ships. 295 
Sucker, expimments with. 22 
Sudds, temporary dams, H7H, 879 
Sugar, atomic composition of, 114J 
— experiments with, 497 
—how extracted from beet-root, /oa.*. 
ton 3 

— in plantm, used by bacteria, 1070 
—where tasted on tongue, 570 
Sugar Beet method of unloading by 
jet of watci, jHg 
— production ot, joftj 
Sulphur, expcnincnts with, 363 
Sulphur, forming crystals from, 736 
Sulphur and froo, experiment with, etO 
Sulphuric Acid, m electric ceil. laO^ 
Sulu Archipelago, waterspouts in. Org 
Sommer, and Earth’s distance from 
Sim, 733 

— why there is more daylight tn, 13S 
Sun. all parts of surface do not rotate 
at same speed, 368 

— amount ot heat radiated to Earth, 127 
—amount of radiant energy received 
by Earth, 128 
—and weather, 1x7a 


Sun, angle at which rays reach Earth in 
different months, j2<V 
—apparent path in sky, 564 
—appears larger in wintei, 923 
— as uieaching agent, 1163 

- -a* seen from Venus, 50/ 

— brilliance of light, 128 
-causes Aurora, ft 06, A07 
•“Chromo.sphere of, 128 

— compared with Moon, 42 
—corona of, 128 
— cyclones m, 1172 

— daily movement as primitive man’s 
wav of telling tune, 444 
—daily path swings north and south. 


755-757 

—density of, xa? 

— diameter of, 127, 852 
—distance of, from Earth, 127 
—eclipse of, all about, bSyOSs 

—eclipse of, as seen from the Moon, lu 
—eclipse of, Bally’s Bisids, 6.V7 
— a*clipsc of, total, taO, OSs bHS 

— effects ot being gaseous, 128 
—effects on sea tides, 313 

— energy from, stored in coal, 128, 790 
— fragments broken off to heroine 
planets, 110 

—gravitation of. 43, xaS 
—heat of at centre, 368 
-heat of, used to drive motor. 5.ff^ 

— height in skv, varies summer and 
winter, 755 737 

— how a captain finds his way by the, S7 
—how It affects shadows, 7092 
—how It causes the winds. 104 

— how it works Ni.ig.ira Falls, 2S5 
— how It .appears from Space, 927 

— how many times heavier than Earth. 
852 

— if struck by comet, 1225 

— Ill rel.ition to Earth’s path, 43 

— invisible rays Iroiii, 466 
—made to uncoik a bottle, 550 

" m.iss ol compaied with Eaith’s, 127 

— maximum ami tumiinum sunspot 
periods, 1029 

— Mock, all about, 620 

« mottled suit ace of, H43 
— passage ol Promineme on, A’44 
-'jreriiMf oi tolatioa round Milky W.iy 
univrise, 75H 

photographed during eclipse, J26 
jihotospbcre of. 128 

' — power vanes in different parts oi 
■ li.irlb, iHj, fHj, 300 

— power vanes, 735-757 

^ -rays, effect of sl.mt, 756, 7,57 
— ravs of and burning glass, 349 
> — iclation lo ^■.irlh‘s 01 bit, 92^, 92<S' 

;• — rotation calculated by HpcLlroscop**, 

I 844 

rotation ol shf'wn by sunspot 
r movement, jOS 

|i — si^e as seen from K.irth and Mars, 662 
i —sue as seen from v.inous planets, HgS 
size cNnnp.'ired with Earth, 852 
-"Size of compared with Mars, 660 
‘ —sue of and Moon’s orbit, 727 
—smoked glass for looking at, iihs 
— sirectroscotre shows what it is made of, 
♦ 52 

— stream of p.'irticlcs thrown out by, 
tiOO 

—telescope for studying, 7J/3, if iff 
— tem^HTatiirc of. 127 
• temperatures at surface and ccnirr. 
229 

— tempests on lace of, 30b ‘3OH 
—tune cyclist would take to reach, 
X27 

-time express tram would take to 
reach, 127 

-time its light takes to reach the 
Earth, 127 

•'time of axml rotation, 773 
-time taken to turn on axis, 128 
total candle-power of, 89* 

-Transit of, how observed, 41b 
•weight of compared With equivalent 
ball of water. 127 

— weight of light radiated every 
minute, 899 

-weight and mass compared with 
Earth’s, 127 

— what a man would weigh on the, 127 
—why higher in sky in summer than 
wintet, 755-757 
— why hottest al noon, 6H3 
— why its rays strike slantingly, tftj 
— why it warms us, tig3 
— why les.s bright at the edge.s, 727 
Boil And Flanet substitute for 

crank, 7.3^7 

Sttabaik. children taking. 893 
Suk-ftow* insect'cating plant, 74 
SaodlAl, on a school wall, 252 
— various forms of, 444 


flttnllgtait, effects of on plant, man anil 
animal, tug 

—weight of per minute falling on land, 
899 

Snilfet. shows Earth's movement, 567 

— why fed, 957 

Sttnamtie, how recorded. toS^ 

— more effective on southern 5lo|>es. 30 
— work of a rav, tig 
Sunipot, 5ue of compared with Barth, 
ttos 

-- Solar cyclone, 1172 
SumpOtf. all about, 366-368 
— and Aurora, Sob, 807 
— and corona, 685, 688 
— and magnetic activity on Karih 
chart of, nbb 

— effect on weather, loift, 7029, 11 66 
“ effects of on the ICarth, 7764 7/66 
— flaiue» seen m, 7/64 
— great uuiubet seen together on Sun, 

307 

— hurricanes of fate, 727 

— movement across Sun, 77A5, tibb 
— period of v.inaiion, 1029 
“temperature ol, 368 
Snraja DowUh, and Itkick Hole 01 
Calcutta, 067, gbg 
Bwampa, how formed, 304 
Swan, constellation (sec also Cygnus), 
IV>, ^iH, yiH, gS3 
Swani. in flight, 1437 
Sweat Glandf. function of, 2231. 1232 

— • m dogs. 407 

Swell Shutters, of organ, 655 
Swept' Wing Aircraft, 1203 
Switaerland. avalanches m, 3S, 29 
— rack-atid'piniun railway, 7297 
—snow <icene at Adelbodeii, 447 
S.yoamore, dwarf growing of, 374 
Synclinal Fold, explained. 7395 
Syringe, principle on which it works, 426 
Systole, term explained. 1231 


Table Olook, 1444 

Table Mountain, aerial 1 ableway on, 604 
Tacking, Yacht, how carried out, J003 
Tadpole, all about, t 3 f ^3 
Tahiti, Co()tain Cook at, 11 21, 1x23 
-H.M S Bounty at, U 7 f>-ii 79 
TaU. ol comet, 600 

TiiUefer, Norman Minstrel at Battle ot 
Hastings, 26, 27 

Talking Film, leads to nuw way ol 
making sounds, <>99, 700 

three d11ne1i-Si011.1l, i4to» 741 * 

Talking Picture, how taken and repro* 
dured, 6'.v, 14/0, 1411 
Tamarind, by day and night, 178 
Tambourine, form ol drum, 394 
Tannin, steeping skins in, 1269 
Tanning, ail about, tubg 
Tantalus Oup, rxainplo of siphon, 598 
Tap, inside of, 5 

Tap Root, of dandelion, j/8, 319 
Tar Macadam, for road-making, 1378 
Taste, centre of in brain, 33 r 
— only four kinds of, 369 
— sense of, all about, ,369- 372 
Taaation. m reign of Kichard 11, 339 
Tear Glands, stimulated on waking up, 
672, 67J. 6x4 
Teasel, all about, 74S 
Telegraph, electric, all about, 393 
Telegraph Lines, unde* street, 7042, 

Telegraph Wires, wrecked by snow, s/b 
Telephone, and human car, 347 
— how it transmits sound, 547 
— on fire-e5,cape, A47 

Telephone, Automatic, all about, uss 
1^30 

TclaphODe Lines, undet street, 7042. 

104 j 

Telescope, all about, 3»4-3»7 

'"•Casscgratnian, 334 
— fou’-'ton mirror tor, 7492 
—Gregorian. 334 
— Herschelun, 334 
— Newtonian, 334 

— loo-inch, range of illustrated, 1152 
— Palomar, J26, 1130 
— power of, 13 
— radio, 2A7, gSi 
—Reflecting, 334 

—Solar, at Mount Wilson, 7775, rj76 
— terrestrial, 334 
— work done by, 88 

Telesooplc Photography, of heavens, 
JIJ4> 95.5 

Tsleuto, spore, 574 
Tslevision, underwater, 673 
--why it has short range, 1367 
Temperature, and behaviour ot water, 
657-658 

—forces that influence, 1248 
—Moon’s, variations in, 7S7 
—of food affects taste, 371 
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Temperttare, of hiim<in body, facts 
about, J5H7 

— oi »v:i at depths, /jj^ 

— terurci in Hntish Isles. j>,(t 
three wayn of mraK'irin»<, /</s 

— vi'hv planes in same latitude have 
difl^ereiit, rj(j4 

— wliv September is hotter than March. 

ijfj4 

— World’s hottest and coldest plates, 

j<i6, ij(^4 

Tenacity. dejM-ndM on cnhesuni, 118 
TenaUe Strenath. in pieei, 

TentaOleS. ol reph.ili»pi>ds, i;j, 174, 
Terebella, sea wonu. (>74 
Tarcdo. slop’s Uiinn, Kav( idea for 
tutirieihiif;, i,rOi 
Terminator, ot Mcjon. 480 
Termites, all about, / tjv, rj^ij 
Terraces, (hnk and White, of Rotorua, 

iiyt 

Tetrabelodon. Mioerue animat, 

Thames, eAtuary seen (ujin aeroplane, 

Thaw, of snow, ptocess of, 060 
Theatre, revolving foi, nm, jrio.j 
Theatres, m hlia)\es(>eare\ day, 

** The ’ 16 .” lacobiie rebellion, otb 
Therm nieaiiim,: nt, jtx) 

Thermal Unit Hnti<>h. 260 

Thermit Prooess. electric woiditiK, lonj 

Thermograph. .5 4*1' 

Thermometer, and boiling point, 347 
— example of expansion by heat, 1161 
— I’ a h r e n h e 1 1 , C e 11 1 1 1; r a d c and 
Reaumur, ^45 

-how sell-reeordmR measures varia- 
tions in heal. 54^? 

Thermopile, and lotatmn ot Venus, 502 
Thistle. Oarliue. how It opens by <i«y and 
closes at niKht, ijS 

Tborobaok Ray, iacu about, 1254 
Thought, cenire of in brain, 321 
Thrust Blooka, fot tut bine, 1232, 1223 
Thumb, function of. 1323 
Thunderstorm, and had, 730 
—behaviour of, 470 
—facts about, 1427, 143*8 
— piovini^ lit/.htriirtR is electrical, ay* 
Thunderstorms, all about, 280 >282 
— average number ol, 2.80, 2ftj 
Tide. High and Low compared, isgM 
'—highest in the world. •‘^24 
Tides. U's-sen K.'irth's rotaliun, M4 
—facts which Rovern, 

—how caused, jijt 
“-hygienic value ot, iH 
— in nebul.ae, //5a 

TIerra Dei Puego. Capt. Cook at, 1121 
—clothes Worn by natives, Hgt 
—seaweed forest near, 43a 
Tiger, all about, 944; 4752 
— hghting python, 6/7 
— salmi-loothed. 1291 
—showing fear, 7 

—stripes coiiipare 4 l with xebra's, 125 
Tigbt*rope Walkinir. p nnriplo of, 34 
Tigress, and cubs, WhipHnade, /440 
Timber Industry, haudlmg togs, 

Time, depends on uiotioii, 445, 446 
— h4:.>w it is reckoned, 234 
— how reUtinl to longitude, 3^7 
— how toid arc lira tel V, 4tf> 

— how told through the ages, 444 

— measured bv Sun and mars, 443 

— vimatioiis in reckoning, 231 
—what It IS, 443, 440 

Time Zones ^.5]. ^54 
Tippler. device tor handling coal, $80 
Titauia. moon ot I'rnnus, 132 
Titanium, used iu steel founding, 330 
TiUnus Qjfganteus, beetle, 1159 
TiUoaca, Lake. /06 
T.H.T. .S>a Trinitrotoluene 
Tomato, on s.nue plant an potato, /ajo 
Tone«Arm, uf gramophone, 440 
Tonga, as lever, 4 
— insulated, U^t an* welding, zoig 
Tongue, how it helps us to taste, 369, 
370, 371 

— ol cal. magnified, gx 
Tools, development of, 3 
—Man aUui4* makr^s. 3 
Top. riiuiUbt'ium of, 33, 34 

Tornado, in Imlia, gSS 

--M sea, forms waterspout, 6rg 
—how It IS caused. loh 
— how it smashes buildings, lofi 
— why if IS so dcsjtructive, 4249 
Toruadoei, all about, 537 
TorrioSlti. inventor of barometer, 149 
Tortoise, an alMuit. xjjj, 1214 
— Giant, facts uhotil, iJjj, 1234 

Totem Pole, rock |)ill.)r, HSg 
Toueh. sense ol, all about, 43/ 

— senac of. experiments in, ^46 
Tourmaline, and polanaed hght, x3r)o 
Towar Bddgs, i»ow it works, 364, 3C5 


Tower 0! London, bodies of “ Uitie 

i*riuci‘s ” f4>nnd in, 420 
Towing, of b.'irgc on canal, principle 
ot nftj 

Towns, teudcncy to get bunrd, 31 
Toxodont Miocene animal, xsgt 
Toys, inustratni« balainv*. ^4 
illiisUatmg ( cntiifugal force. 260 
— illustraiim,* parachulp, /2V5 
Trachea, human, 740 
Traotion Eneino. how it wotkv. 3/4 
Tractive Effort, meaning m, 1 151 
Tractor. Farm, ail about, iJti 
Tractor, Caterpillar, all ubuut, 2/04, 
nob 

-ploughing, j f4o 
|)lllllMg l 4 >g<, //70 

Trafalgar b.iHle of, ttgb-ngg 
Trafalgar Square, walking round ilius- 

Iraics movement ol planets and stars 

Ml h'^.-IVi’llS, I I 18 

Train, nioili'm w.iv tU making up, 1 177 
— speed 4)f compared with K.irlh, 6ti 
—Inking UP walei, 6jb 

— vacuum l>r,iK4' on, 9/.*, 9/7 

Tram Pipe, and Vaniuin brake, gn, 913 
-on I iib«' Railway, ttnb 
Trains, ami (d.itivitv, 487, 

Tramcar. modem tvpe, ubo 
Trans- Andean Railway. /29 V 
Transtere. I‘»« poitery dii'i.igns, ugo 
Transformer, for electric gnU, 400 

— wirelcHs. gS 

Transit Instrument, how to make.. 416 
Transit of Venus, /g 
Transmission ot Power. 854, M33, bgf> 
Transmitter radio, 99 
Transparent, meaning of term, 7n 
Transport, begt^mmg'^ ot, 377 
Travel diWif ulUei. of m oUi days. 1277 
Traveller’s Tre^ alt atumt. 2/7 
Travelliug Through Space, how we go 
millions ol a yi'.ti, O41 

— artificial N.iteUite, 1014 
Trawler, work ol, 736, 1043 
— echo'Soundcr on, 77A 
Treadmill, <tU about, /204, /2r>s 
— example of wheel und axle, ibj 
Tree, crab that climlH h, #72 

— giant and dwarf lorm'-. of, 374 
— hidden parts of, 6ft 
-«*how It glows, #256 
—largest in Ibe world, 300 
—method ol b'lling, 286 
Tree ot Animal Life, n n 
Tree 0! Plant Life. / r 14 
Trees, fos'^ihsed, 994. 6g% 

— glowing horixoiUally owing to wind, 
440 

— hold soil on hilU, r/74 
— importance of forests to M,m, 276 
—in lurassic Period, 7/3 
— power of when growing, 418 
— supposed to bc iiumune trnm light- 
(ling, 383, 283 
Trefoil. Bird's-Poot, 57 
— meaning of term, 805 
Trench Digger, world’s largest, 633 
Triangle, constellation, ijn, yjit, gHs 
Triangulum i onstcilatiou, nebula, aoo 
Triassio Period. 313 

Triceratopl. in Cretaceous Period, 993 
Trilobites. m Caiiibri.'in, Ordovician and 
Sduiuin periods, 91 

Trinitrotoluene high explosive used t«ir 
breaking icebergs, 306 

Trinity High-Water Mark, 

Trinity House, supervises buoys, 606 
Triton. moon of Neptune. 1361 
Triton-Shells. used as irumpets, 32J 
Trogons birds, n.v 
Trombone, all about the, rr3. r/4 
Tropic of Cancer, explained. 735 
Tropic of Capricorn, expbimed. 753 
Tropoepberc, lowei ntmospherc, 80/ 
Trough Shell, edible mollusc, 7/79 
Troui. Common, life-stoiy of, 6/4 
Troy Weight, oilgm of name, 1208 
Truffles, found bv pigs, t r n 
Trumpet, all about the, m, J14 
— bow a small girl can plav one, 1x3 
Ttavo, man-cating lions uf. h4h 
Tuber type ot plant stem, 773 
Tube Railway, foi G B.o., Lundoii. 31s 
Tube Railwayi, i.ondon, how signals 
work, ixtto, troy 
Tuoana. constellation, 739 
Tuff. l.fV4 stone, 586 
Tng-of-Wir, ftxample of cohesion, tig 
Tumbler, exponment. 22 
Tungiiaa U»mi in steel founding, 330 
Tungiten Diao. in Croukex’ Tube, /3d 5 
Tnngaaee use ol reindeer, htb 
Tuning Fork* facts about, q^s, 938 
-''-making wound visible with, 724 
Tuunage and Poundage. 7 'to 
Tunnel, four miles long. 1342 
TutthelUnf, shield lor, ell about, xibt 


Turbinate Bones, of nose, irSi 
Turbine, hydraulic compared with 
electric niotoi, 1023 
— in modern ‘.learner’, it 2 
— invention ol, 64 
— steam, all about, x 22 1-1333 

- water, uses natural forces, 536 
Turbines, driven bv Niagara, 590, 597 
Turbinia, hrsi luibme vessel, 123 1 
Turbo-Jet Airliner. i34(>> ^347 
Turnip, w'hat It IS made ot, 94 
Turntable, ior radio sat, )i9 

— ot file •escape, tjtfo 
Twilight, how rau'^efl, 624, 623 
Twins. constolLition, 130, 413, gSz 
Tyoho. cratei on Moon, 414 
Tyler. Wat storv ot, :ng-j3t 
Tyndaie, William, translator ot Bible, 
607 -fit r 

Type, Mov.iblc, invention ol, 388 
Tyre, evolution of, 376, 378, 379 

— Pneumatic, development of, 379 

Tyrrell, Sir Walter, y;. i8» to 


UUoa’f Circle, all about, 171, /i/4 
Ultra Sonics, sounds that cannot t>r 
liiMrd, Ar/ 

— used for welding, 7407 
Ultra-Violet Rays, explained, 466 
— producing vil.umns by, 770, 7x3 
Umbra, ol sunspot. 467, 368 
Umbrella, cxix'nment illustrating 

Kai Ill's movement, sfir 
Ombriel, moon of Ur.iiuis, 132 
UnderBrouoti Railways, signals, 7706, 
U07 

Undenhot Water Wheel. 477 
Unemployment, m Kngland affected by 

t hinev ;uy 

Unicorn. constelUnou, no, 4/5 
United States foimed from lintish 

(. obaiies, iooj > j og6 
—spurn Urdt und sunspots, nt2fi, 1029 

Universal Joint, example of traus* 
iinittMl power, 334, S^ft 
Universe, a. tn the mnkaig. yHt 

— beginning of a, iisx, 1 1 32 

— uieaiung ot, 197 
—old idea ol, 926. 02H 
—photographed, 927 
—stellar, how formed, yon 
Universes, millions o| m Sp.ice, xgy-zoo 
Uranium, and ladio-activliy, 7725, 

//2/», 7/27 

Uranus, planet nil about, 75/-152 
-gi.witatiun, pull ol, 43 
■■ si/e of comp.xrnd with Sun, 127 
— ,Siin a* wen from, Sgft 
Uredo (Blight) Spores. s74 
Utah. nalur.1l stone budge, in, 73A 


Vacuum, cau.scd by lorn ado, 537 
— Ill centre of tornado, r 2/9 
-•in elecli'b cloi k, 946 
— used ill bh)rk' making, 397 
Vacuum Brake, all about, grg, qxj 
Vacuum Chamber, and barometer, 427 

— tor cIctiniMg f,i}lwav c.arnages, 709 

Vacuum -Cleaner, woikmgof, 1041 
Vacuum Cleaning, of nnema, 770 
Vacuum Immersion Tank, for electric 
cable making, .S40, 841 
Vacuum Pan. for beei sugar, 20^2, 1083 
Valve. of bellows, 723 
—of water lap. 5 
— radio, 9.y 

Vanadium, metal used la steel manu- 
facture. 1123 

Van der Orinsten’s Proieotion, 4fi8. 469 
VaniUln, {»enctfation of smell, 1182 
Vaudois, persecution of the, 750 
Vega, slai, 4/-}. jtH, gSj 
—star, bow to find, 1008 
— st.ir, near fujinl in space to which 
Karth is moving, /o<)V 
— star. North Role will one day point 

to. 757 

Vegetable Llle, range ol m diflerent 
latitudes, 182, 183 
Vegetables, effect of cooking on, 2.7A 
— used t>v Cat>tatn Cook against 
senivy, 11 r9 

— vitarniii'i in, 7x0, 711, 7 / ji 
— whui they are made of, 9 f 
Vehicle, jumping off a moving, illus- 
tr.ites iiienm, 3bs, 367 
Veins, of bodv, 70.31- 1042 
Vena Cava, of bodv. /042 
VenUiation methods in cinema, 77X 
— t>f a room, /73 
— of coal oiine, 4H, 49 
TsntrloiSC. of heart, 1047, 1042 
Venus, planet, all aliout, 501-595 
" ►“ Blar.k Drop " ot, ig 
— gravitation, pull of, 43 
— marking*i on, 7403 


Venus, size compared with Sun, ray 
— Sun as seen from, ^ 9^1 
— Transit of, ig 

'-Transit of. Captain Cook’s expedition 
lo watch, X120, 1 X 31 
Venus Fly-Trap, insert-eating plant, 74 
Venus’s Girdles, edible seaweed, 341 
Verkhoyansk, Northern Sibena, holds 

world’s ret ord of cold, J56, 1394 

Vesuvius, bow Its shape altered, 207 
Vibration. lacU about, 934, 956 
Victoria Nyanaa, source of Nile, 7046 
Victory, il.M.S., ai Iratalgar, 7797 
Vicuna, wild IUum, 832 
Violet Rays. Mars photographed with, 
661 

Violin, all about, 237 afio 

how rounds arc produced, 933 
Viper. See Adder 
Virgin, constdbiiion, 4/3, 7/^ 

Virginia, earlv settlements m, 638-640 
Villon, persistence of, to?S 
Vitamin, origin ot term, 711 
Vitamins, all about, 710-7x2 
— bcnchts oi exploited bv Captain 
Cook, 1119 
—in food, 94 

Vocal Cords, tunclion of, 34f> 

Voice, distance it can be heard, 869 
— how controlled in singing. 348 
' h«>w it IS produced, 3/6 
Volcano, buries Rink and White tcrx.'ices 
of Rotorua, 127/ 

— effects of, 772 

— inside a, a oft 

— Krakatoa erupt ion, 7322 
-why It throws out lava, tofiy 

Volcanoes, all about, Jo6-3og 
“<‘xliin t, range ot, 1046 
-generate steam, ft fo 
•— snow-covered, sA’ft, 3S7 
Voltage, compared with water pre,ssi}rc, 
1 02 3 

Vulgate. Latin Bible, 607 


Wages, effect of Bhn k Death upon, 079 
l.ilMiurer's in t$th centuiv, 187 
Wake Robin. See ('ucKoo-Rint 
Waking Up, processes ol , bjj, ft/j 
Wail. Iniilt by means ol cohesion, ng 
Wallaby. 420, at* 

Wallace, William, ail about, 2/7-27J 
Walnut, Luther Burbank and, 13 13 
— what It IS made of, 94 

Waitham Cross, igo 
Warbeck. Rerkm, 439 -46/ 

War 0! Independence, Atnern.'in, ioqi, 
1096 

Wars ol the Roses, the, 552-^35 

fiul of, 441 

Warty Caps, edible fungus, 473 
Warty Venus, edible mollusc, 14 79 
Warwick. Earl ol. and Henry VU, 442- 
441 

(The King-Maker). 154 -335 

Washing, how it makes clean, ,7/ j 
Washing Machine, illustrates ccntri- 
fug.d lorce, 64 

Washington, George, sculptured on 
chit. 53 *''. .3 39 

Washington. U.8.A., ihe Capitol, 72// 
Wasp, fcitihsc.s figs, 367 365 
Wasps, illustrating empty space, 41, 43 
Watch, early form^ of. 444 

— how it wotk‘», 54 

Water, all about boiling, 347 
— amount given off by plants, 873, 84.3 
—amount ol snow in one inch of, 960 

— and plant hie, A43, 846, A47 
—ami sound, ft 17 

--a simple compound, 7747 
—becomes as if solid when under 
presskurc. 2X9 

— beliaviour when treexing, 656-638 
heiuLs light rays, 779 

''best temperature for cooking, 978 
— breaks light rays, 322 
— circulation of in lakes, 839 
— composition ol, 66, 114X 
— cooled in a tower, 1343 
— drawn from well bv donkey, 1204 
—erosion of rock, 386 

filtered by coconut palm, 345 
—finds its own level, 894 
— ^fouiul by following plant routs, 843 
-—hard, how lo soften, 246 
— hard, why pleasant to drink, 433 
—hardness of expiamed. 337 
— hot, thrown up by geyser, 359 
— how iiripuriiles may enter, 137 
— how it IS made to work, X84' 786 
— how obtained in Australia, 372 
—how supplied to towns, 1043, 1043 
—how used by plants, 457^ 45 ® 
"•irnportance ol a pure supply, 757 
— lutermitteiu springs explained, 68a 
— lij[6 depends on, 7450*1333 
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Wttor* natural, naver quite pure, 631 
— noceaaaiv to life, 137 
—obtained by couiprewed air, 1353 
— pourinit from tap, inatantannous 
photojjraph, 367 

— pressure of on divers, 474, 676 
—reflecting power ol, iorj 
— rises when hented, 243 
-•weight of in one inch of rain, 447 
Water Carrier, constellation, 7 id, gA‘2 
Water Cflofiki. 444, 44 f> 
Water*Crowfoot. adaptability of, 514 
Waterfall, thicc times as high as 
Niagara, (ijo 
— how natised, 870 
Waterfalll, facts about, 1321 
Water-Oamte. for boiler, 945 
Water»hole. Australia. Syj 
Water»m(ll, how if works. joH 
Water-pipee. why they burst, 647. * 5 -^ 
Water Power, and electric power, 1023 
— form ot natural energy, 336 


Water Prreiure. 

Water Bofteoing. 

Water Speed Record. 9^0 
Watenpouts, all about, 6/0 
Water Supply, to houses, 1042, 104^ 
Water-tube Boiler, ail about, g; 

Water Vapour, m fog, 4^ 47 
Water Wheel uses natural forces, 53d 
Water-wheell. different kinds of, 477 
Watt, lamee. and steam engine, roft/, 


tOtiS 


— —invents Sun and Planet device, 


--revoliiti'miscd steam engine, 94 

Kf andardised horHc-power, 144 

Watt, electric unit, compared with 
water supply, tusi 

Waves, artificial, tor testing ships, 
design, Se^f), S37 
— ibinensiotis niid s|ieod of, Jto 

— sand and snow, 3a, S 

— sea, eftects of on shore, T024, t02$ 

— sea, toree ot, yfi 
— sea, motion explained, ua 
• sea, what hapt>cns when they bieak 
on short!, 33 

—Sound See Sound Waves 

- w.'iter .ind sound compared, 903 
Wave Theory, of light, .Hgg 
Weasel, m (tligocene Period, tiStt 
Weather above the ruincloud, jo; 

.dlerled bv Karth’s axis tjU, 734 
--aflreted bv Siiuspotsi, io3S‘, t(uu 
--b.illoons toi studying, tujb 
— Bill ban’s Periods, <160 
" causes of, nyi, Jiy3 
— histiiry of stiidv, 1,467, 146k 

refold higiiest shade temper. nine m 
Hritibh Isles, 230 

- recording instruments, 34S, 
Weathering. Sec also Kr'osion 

’ -iiicrcast‘s Kar Ill’s i‘ot.)1ion, 6S4 

— qiiecr effects on rock of, 

Weaver Birdi. nests of, t no 
Weaving, and Indui^tnal Revolution, 
joOi 

Wedges, how used for splitting rock, /rt3 
Wedgwood, Thomas, experiments m 
photogf.iphv, HOP, 867 


Welgh-bridge, working ot, 739 
WeighiOg* to millionth ot an ounce, 702 
Weight, affected by centrifugal force, 
8H3, B84 

— all about the (mund, t36f< 

.t» lifted by pulleys, 64^^633 
depends oil gravitation, 43 
— lifting by means of the Inclined 
Plane, 79, So 

— Ughtencd at equator bv centrifugal 
force, 77 1 

— shopkeejwr's, testing, 702 
-variations in, on different parts of 
Earth, ss-f, «84 

Weight and Mass. 8H3 

Weight-driven Clock. 444 

Weights and Measures, where standaids 

are kept, tsftS 
Welded Joints, tested. 411 
Welding, by oxv-aietylene torch, 229 
— electric, all about, toiS, in/9 
— nllra-sonic, 1407 

Well, stone dropped down proves 
Earth's rotation, 364 
Wellington, Duke ot ilJustiation of 
Reialivity, 4.V.S' 

orilv meeliiift with Nelson, iiyb 

Wells, why they run drv, 423 
Welibach, Auer von, inventor of gas 
111, in lie, 2yi 

Wesley, John. 131^. 1313 
West indies, 01 imu of name, yb7 
Westminster, Si.itutcs of. mo 
Westminster Abbey, Cax ton’s Presv -lei 
up in, 388 

Westminster Hall, interior, tjSS 
Wetterhorn, Alpine peak, a.v 
Whale, constellation. 130, gSj 
Wheat, all about, 97^-974 
— cleaumg and grinding, J3S0, ij^fi 

— how threslied, 3 47 

— prchisloiic cultivation, 971, 973 

— story ol nisi m, 57 375 
— Wild, discoveted, 1 ) 71-973 
Wheel, ail .ibout the, 376 170 

ast Iron, how made, 435 
Wheel and Axle, all about' 102-164 

lorra of lever, if 97 

— principle of, /6i», 163 

print iplc of III capstan. 795 . 

— -- —with toothed w'heel, ftia 
Wheel-barrow, fonn of lever, 4 
'Wheels, ot locomotives, sjy, H7S ^ 

— railway, how they cross lines, 1433' i 

Whelk, common, edible utoilusc, 14^ i, 
Whip, thong made hard by motion, f^r 
— why It cracks, 120 ^ 

Whipsnade 2oo, lions at, 645 

-- —tigress and cubs at, 1440 ;'i 

Whirlpool Nebula, 7«<> .V’ 

Whispering Gallery. St. r.iul'i,, r«* 2 [ 4 v>i 
Whistling Buoy, huw it works, 

White, John, («ovornor of Vttgiui%»fia 
White Ant. rcrmlte 
Whiteladiea Charles il at, 75« ■%' 

White Ship, wreck of the, 7/7^ 
Whymper, Edward, hrst dim 
Matterhorn, i6y 

Wilberloroe, William, and daverj^ 

' 3 ^ 3 . M 14 
WUd dat. 8 y 


William Pnnee. son of Henry I, 7r~73 
William the Conqueror, all about, 23-27 

--death of, 37 

William II, King of England, 37-39 
William 111, King of England, and 
(ileiicoe M.i'isac/e, 839. Hf>o 
WUl«oMhe-wiBP. all about, SSf 
“ Willow l»eaves.’* granulations oi 
SunS aurfacc, jOS 

on Sun, S4J, 8, pi 

Winchester. William II at. 3^, no 
Wind. action of on kite, .V21 
—as fnemi and foe. 104-106 

— behaviour of at scasule, 909 
—brings n/onc from Ihc sea, #03 
—caused bv the Sun, 104 
—cause of waves, 32 

—circulates water in pond or lake, Sjo 
—damage in Gro.nt Storm, ^ 93-897 
— diflerent strengths of, 470 
—effect on iH-es, 340 

- erosion ot rocks, 368, 3323 

- torce of. 42 3 

- form ot natural cniirgy, 339 
—how It do|Kimts moisture, lyj 

— interfcies with sound, SOS, 869 
— spiH'd ol, measuring, 704 

— wavs iti which it helps us, 104 

- wavs in which il hiiideis us, /04 

Wiod-driven Seeds, to 
Windlass, transmitted power, s$4 
—of well, j6j 
Windmill. Horir.nntHl. 

— lu»w It griTiclR tlu' corn. TS7 
— uses natural loices, 336 
Window, why foolish to lean out, 33 
Window Saam example of pulley, 649 
“ Windward.” meaning of, 470 
Winged Horse, conaidUtion, ijo, yts, 
9S3 

Winstaniey. Henry, and hrai Eddystono 
Lighthouse, 51, 897 
Winter, and Earth’s dt.slancc from him. 
733 

—why there is less d,i3*light in, r3S 
Wire Gause. and burning gas. 976 
Wirelesf. broadcasting, 9S, 99 
—Sun .iffccli;, iih6 

Wireless Waves, and Heaviside Laver, 
U67 

Wire Stitoher, for journals, 147 
Witch Balls, reflpctioTiH in, ojj, 623 
Wolf, probable anccsior of dogs, 4‘fr 

Wolfe, James. General, story of, /03J- 
1036 

Wolthounda, Irish, r/S4 

Wolf Rook Lighthouse, 5' 

Woliey. Cardinal. 497-500 
Women, brxt aKnciiltunsts, 971, 963 
Wondere of the World, the Sevim, 13/4 
Wood, how Htuoothcd by plane, 73S 
Wood-piler, for stacking logs, 3370 
Wood Sorrel, by day ami night, /ys 
Wool, bad conductor ut heat, A’92 
Woollen Clothes, roolei than cotton, Sgj 

— - '-worn by Arctic explorers, 892 
Woolly Aphis, life-story oi, J253 
Woreester, i>atile ol, 750 

World, esti mated population in First 
World War, 277 


World, lifted by lever, 3 

— theories of how continents and oceans 
were toimed, 1393 

— with a billion moons. r*f3, 

Worm. 5 c<' Aniichdx. Earthworm and 

S<M- worms 

Worm Gear, so 
Worm Gear Elevator, so 
Worm Gear Windlass, /62 
Wouldhave. William, inventor of life- 
boat, fOr, 303 

Wound, what h.sppcu^ m our blootl 
whtsn wc meivt* one, 123 
Wreck, why it sinks, 37S 
Wren, Sir Christopher, plan foi re- 
building l.oiidon, yS4 

— „ —rebuilds St. Faul’s, So^-Sj,' 
Writing, correct position toi, 107a 
Wrought Iron, tacts .tboui, 310, 1123 
Wyandotte Cave, G s A., big stalagmite* 

in, 

Wyatt. John, invented toiler spinning 
marhinc, 1062 

Wyoilffe, John, translator of Bible, OoH 
Wyalifle’'s Bible, p.sgc from. 607 
Wyoming, hot sjumgs ot, 472 


X-Rays, how piodiurd, 1395 
— photograph of edible crab, 14/9 
-sea-horses photogra])hed by, 238.3 


Year, length being lessened by meteors, 
1 II 

Yellow Sea, reason for tmine, 727 
Yellowstone National Park, geyser m, 
#39 

... fu,t springs at, 472 

Yoho Park, earth (ullars in, 1323 
York, House of, 333-335 
-Kif'hard, Duke of, and Wata of the 

Kosch, 334. 353 

Yosemite National Park, California, 
scene in, 220 

Yosemite Valley, Nevad.t Falls, S70 
— •• 'Waterfalls in, 1321 
Young Pretander. a<i ventures ot, 939'- 
944 


Zebra, stripes compared with tlgei’s. 
123 

— wild In S. Africa, 323 
Zenith, meaning of term, 737 
Zetetie Astronomy, iheoiy that Earth 
ii» flat, 33B 
Zeus. Sti Jupiter. 

Zioo, in electric cell, 3 303 , f^OO 
Zluo Sheet, used in block making, 596, 
397 

Zinc Sulphate, in electric c^tll, 1263 
Zodiac, meaning of, 133 
— old idea ot, 929-938 
— signs ot, all alioul, 153 
Zodiacal Light, all about, ^^33 
Zoo. London, story of hippopotamus 
at, 1440 

— privale, kej»l by Henry 1 , 71 
— VVbipsnadc, 1440 
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